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PREFACE  TO  THE  SECOND  EDITION. 


Advantage  has  been  takfn  of  th(»  iiecegsity  of  issuing  a  se<M>n«I  e<lition 
of  the  Amtritmii  Text-Book  of  ]*liysiology  to  iilt^r  soMuwliat  its  general 
arningement.  The  lj*M>k  has  pntviMl  to  he  siireessful,  and  for  the  most  part 
has  met  only  with  kindly  and  oncmimging  criticisms  from  those  who  have 
made  usio  of  it.  Many  teachers,  however,  have  suggesitetl  that  the  size  of 
the  l>(x»k,  when  issued  in  a  single  volume,  lias  constituted  to  some  extent  an 
inconvenience  when  reganletl  from  tlie  t5tand|H»ii]t  of  a  student's  text- book 
that  may  Ik*  needed  daily  tor  consultation  iu  the  U-ctiire-rotjin  or  the  labora- 
tory. It  has  heen  timnghl  Iw^t,  therefore,  to  issue  the  present  e<lilion  in  two 
volumes,  with  the  ho[>e  that  the  I>iM>k  may  thereby  he  made  more  serviceable 
to  those  for  whose  aid  it  was  es|>ecially  written. 

This  change  in  the  apiR'aranoe  of  the  IxKik  has  necessitated  also  some 
alteration  in  the  arningenient  of  tlie  mictions,  the  jwirt  upon  the  Physiology 
of  Nerve  ancl  Mtr-ch'  bring  tninsferred  to  the  second  volume,  so  as  to  bring  it 
into  its  natural  relations  with  the  Physiology  of  the  <_Viitral  Nervous  System. 

The  actual  amount  of  material  in  the  limik  renmius  substantially  the  s:uiie 
as  in  the  first  edition,  aliliungh,  natunilly,  very  many  changes  have  been 
made.  Kven  in  the  short  time  that  has  elapsed  since  the  a]>pearance  of  the 
first  e<lition  iIktc  lia.-'  bi-en  much  pn»gn'ss  in  physiology,  as  thi*  n-sult  of  the 
constant  activity  of  ex|ieriiuenters  in  this  and  the  related  sciences  in  all  parts 
of  the  \\»»rlii,  and  an  fiTort  has  been  mad**  by  the  various  conlribut4>rs  to  keep 
pace  with  this  ptugrt-hs.  Statements  and  theorich  that  have  Iwcn  shown  to 
be  wrong  or  improbable  have  been  eliminated,  ami  tlie  new  facts  discovered 
and  the  newer  pf)ints  of  view  have  hern  inct»rporate<i  so  far  as  p>ssible.  Such 
changes  are  found  scattered  throughout  the  book. 

The  only  distinctly  new  matter  that  can  l)e  referred  to  specifically  is  found 
in  the  section  upon  the  Centnil  Nervous  Svstem,  and  in  a  short  S4'ction  up»tn  the 
modem  ith-as  and  nomenclature  of  physical  chemistry,  with  reference  o|M'*'ially 
to  the  proi'csses  of  osmosis  and  <litfuj-ion.  The  st'ction  dealing  witii  tht-  Central 
Nervous  System  has  been  recast  in  large  part,  with  the  intention  of  making 
it  more  suitable  to  the  actual  neefis  i>f  medical  students ;  while  a  brief  jireseu- 
tation  of  some  of  the  elem**ntarA"  conceptittns  of  j)hysical  chemistry  seems  to 
be  necessary  at  the  present  time,  owing  to  the  large  part  that  these  views  are 
taking  in  current  dis^nissions  in  physiological  an<l  medii-al  lit«-nitun\ 

The  index  has  InMrn  revised  thoroughly  and  cousidenilily  ampiiHe<l.  a  table 
of  conteutft  has  beeu  added  to  each  volume,  and  numerous  new  figures  have 
been  intrcKlu<-e<t. 
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The  collaboration  of  several  teachers  in  the  preparation  of  an  elementary 
text-book  of  physiology  is  unusual,  the  almost  invariable  rule  heretofore 
having  been  for  a  single  author  to  write  the  entire  lK>ok.  It  does  not  seem 
desirable  to  attempt  a  discassiou  of  the  relative  merits  and  demerits  of  the  two 
plans,  since  the  method  of  collaboration  is  untried  in  the  teaching  of  physi- 
ology, and  there  is  therefore  no  basis  for  a  satisfactory  comparison.  It  is  a  fact, 
however,  that  many  teachers  of  physiology  in  this  country  have  not  been 
altogether  satisfied  with  the  text-lx>oks  at  their  dis(x>sal.  Some  of  the  more 
successful  older  books  have  not  kept  {tace  with  the  rapid  changes  in  modern 
physiology,  while  few,  if  any,  of  the  newer  books  have  been  uniformly  satis- 
factory in  their  treatment  of  all  parts  of  this  niany-sidetl  science.  Indeed,  the 
literature  of  experimental  physiology*  is  so  great  tliat  it  would  seem  to  be 
almost  impossible 'for  nny  one  teacher  to  keep  thon>ughly  informed  on  all 
topics.  This  fact  undoubtedly  accounts  for  some  of  the  defects  of  our  present 
text-lxM>ks,  and  it  is  ho|>ed  that  one  of  the  advantiiges  derived  from  tl)e  col- 
lab<.>ration  method  is  that,  owing  to  the  less  voluminous  literature  to  be 
consulted,  each  author  has  lieen  enablcii  to  base  his  elementary  account  upon 
a  comprehensive  knowledge  of  the  p:irt  of  the  subject  assigneil  to  him.  Those 
wiio  are  acquainted  with  the  difficulty  of  making  a  satistacton*  elementary 
presentation  of  the  complex  and  oftentimes  unsettled  questions  of  physiology 
must  agree  that  authoritative  >tatemeuts  and  geueraliz:itions,  such  as  are  fre- 
quently noce^sary  in  text-l»ooks  if  they  are  to  leave  any  impression  at  all  upon 
the  student,  are  usually  trustworthy  in  propi>rtion  to  the  fulness  of  informa- 
tion iH>?sessed  by  the  writer. 

Perhaj^»s  the  most  im}>ortant  advantage  which  may  be  expected  to  follow 
the  use  of  the  collaborati*^n  meth<Hl  is  tiiat  the  student  gains  thereby  the  point 
of  view  of  a  nnml)er  of  teachers.  In  a  measure  he  i-eap  the  same  benefit  as 
would  be  obtained  by  following  cour^-s  *tf  instruction  under  diflferent  teadiers. 
The  ditfercnt  standpnnts  assumeil,  and  the  difltrences  in  emphasis  laid  upon 
the  various  lines  of  procethire,  chcmi«d.  physical,  and  anatomica],  should- 
give  the  student  a  better  insight  into  the  metlKKls  of  the  science  as  it  exists 
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t<Mlav.  A  similar  advantage  may  b**  ex|XH'tHl  lo  follow  the  inevitable  over- 
lapping of  the  topitif*  agsigued  to  the  various  cx)ntributore,  since  this  has  led 
in  many  casjcs  to  a  treatment  of  the  same  subject  by  several  writers,  who  have 
approached  the  matter  under  discussion  from  t^lightly  varying  staniljmints,  and 
in  a  few  instuncea  have  arrived  at  slightly  different  corulusions.  In  this 
last  respect  the  Ixxik  reflects  more  faithfully  |xThni>H  than  if  written  by  a 
Bingle  author  the  legitimate  differences  of  opinion  which  are  held  by  phvH- 
ologists  at  present  with  regard  to  certain  que^tiouB,  and  in  so  far  it  fnl6lB 
more  perfectly  \Xa  object  of  presenting  in  an  unprejudiced  way  the  existing 
state  of  our  knowledge.  It  is  iioped,  the i-et'on.',  that  the  diversity  in  method 
of  treatment,  wliich  at  first  sight  might  seem  lo  be  disadvantageous,  will  prove 
to  be  the  uio«*t  attnit-tive  feature  of  the  Iniok. 

In  the  preparation  of  the  Ixtok  it  has  been  a«isumed  that  the  student  has 
pre\nously  obtaiucd  some  knowledge  of  grows  and  ancroscopic  anatomy,  or  is 
taking  courses  in  ihei^e  subjc^cb^  concnrrently  witli  his  physioliigy.  For  this 
reason  no  systematic  attempt  has  been  made  to  present  deiaiU  of  histology  or 
anatomy,  but  carh  anihor  has  l>een  IrJt  fn-c  to  avail  liinisrlf  of  material  of 
this  kind  acuirding  as  he  felt  tlie  necessity  for  it  in  developing  the  physiolog- 
ical side. 

In  response  to  a  general  desire  on  the  part  of  the  contributors,  references 
to  literature  have  been  given  in  the  l>ook,  S^me  of  tlie  authors  have  us«d 
thetjc  freely,  even  to  the  jKiint  of  giving  a  fairly  ctisuplete  bibliography  of  the 
subject,  while  others  have  preferred  to  eni[>loy  ihein  oidy  occasionally,  where 
the  facts  cited  are  recent  or  are  noteworthy  liecause  of  their  im|x>rtauce  or 
histori<^l  interest.  References  of  this  character  are  not  usually  found  in  ele- 
mentary text  IxMiks,  wt  that  a  brief  word  of  explanation  seernn  desirable.  It 
has  not  been  supp^x^xl  lliat  the  student  will  neccrssirily  look  up  the  i-ctereuces 
or  commit  to  memory  the  names  of  the  authorities  quote<l,  although  it  is  pos- 
sible, of  course,  that  individual  students  may  be  led  to  refer  occasionally  to 
original  sources,  and  thereby  acquire  a  truer  kiiowle<lge  of  the  .subject.  The 
main  result  hope*!  for,  howfvcr,  is  a  hiralthfnl  jKHlagogieal  influence.  It  is  too 
often  the  case  that  the  stiuUnt  of  meflicinc,  or  indeed  the  graduate  in  UKHliciue, 
regards  his  text-book  as  a  final  authority,  losing  sight  of  the  fact  that  such 
books  are  mainly  compilations  from  the  works  of  various  investigators,  ami 
that  in  all  matters  in  dispute  in  physiology  the  final  decision  must  l^e  made,  m> 
fiuras  possible,  u[K>n  the  evidence  fiirnisluil  by  exjMrimcntal  work.  To  enforce 
this  latter  idea  and  to  indirate  the  diameter  and  source  of  the  great  literature 
from  which  the  material  of  the  text-book  is  obudned  have  been  the  main 
reasons  for  the  adoption  of  the  reference  syBtcm.     It  is  hoped  al.'w  tliat  tlie 
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book  will  be  found  useful  to  many  practitioners  of  medicine  who  may  wish  to 
keep  themselves  in  touch  with  the  development  of  modem  physiology.  For  this 
class  of  readers  references  to  literature  are  not  only  valuable,  but  frequently 
essential,  since  the  limits  of  a  text-book  forbid  an  exhaustive  discussion  of 
many  points  of  interest  concerning  which  fuller  information  may  be  desired. 

The  numerous  additions  which  are  constantly  being  made  to  the  literature 
of  physiology  and  the  closely  related  sciences  make  it  a  matter  of  difficulty  to 
escape  errors  of  statement  in  any  elementary  treatment  of  the  subject.  It  can- 
not be  hoped  that  this  book  will  be  found  entirely  free  from  defects  of  this 
character,  but  an  earnest  effort  has  been  made  to  render  it  a  reliable  repository 
of  the  important  facts  and  principles  of  physiology,  and,  moreover,  to  embody 
in  it,  so  far  as  j)06sible,  the  recent  discoveries  and  tendencies  which  have  so 
characterized  the  history  of  this  science  within  the  last  few  years. 
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I.  INTRODUOTTON 


The  term  "physiolog}'"  is,  in  an  etymological  sense,  synonymous  with 
"natural  pliilosopiiy,"  anti  octusionally  the  word  is  uswl  witli  this  significanoe 
even  al  the  present  day.*  By  common  usage,  liowcvtr,  the  term  \^  restricted 
to  thp  living  side  of  nature^  and  is  meant  to  include  the  sum  of  our  know- 
ledge conceniitip  the  pri>|>erlies  of  living  matter.  The  active  sul»stance  of 
which  living  things  arc  com|>o8ed  \%  supposed  to  be  fundamentally  alike  in 
structure  in  alt  ca.ses,  and  is  cnmmonly  ih'signated  as  protophism  {rtpGizoz^  lirst, 
an<l  Tthiaiia^  anything  formed).  It  is  usually  stated  that  this  wonl  was  first 
introducctl  into  hiological  literature  by  the  hotanii^t  Von  Mold  to  designate 
the  granular  seml-lirjiiid  content.s  of  the  phint-ccll.  It  seems,  however,  that 
priority  in  the  ukc  of  the  won!  belongs  to  the  physictlogist  Furkinje  (1840), 
who  employed  it  to  dewTibe  the  material  (roin  which  the  young  animal 
eml>ryo  is  cou^^tructeil.'  In  reet^nt  years  the  term  has  been  applied  indif- 
ferently to  the  soft  material  constituting  the  substance  of  either  animal  or 
plant-cells,  Tlic  wurd  must  not  be  undcrstovnl  to  mean  a  substance  of  a 
definite  chemiral  nature  or  of  an  invariable  morphological  structure  ;  it  is 
applied  to  any  f)art  of  a  cell  that  shows  the  properties  of  life,  and  is  therefore 
only  a  convenient  abbrc^viation  for  the  phrase  "moss  of  living  matter." 

Living  things  full  into  two  great  grouj>s,  animals  and  plants,  and  corre- 
sponding to  this  there  is  a  natunil  separation  of  physiology  into  two  sciences,  one 
dealing  with  the  phenomena  of  animal  life,  the  other  with  plant  life.  In  what 
follows  in  this  intiXKluctory  section  the  former  of  these  two  divisions  is  chiefly 
coDsidereil,  for  although  the  most  ftmdamental  laws  of  physiolog>'  are,  without 
doubt,  equally  applicable  to  animal  and  vegetable  protoplasm,  nevertheless  the 
stnicture  as  well  as  the  projx'rtie^  of  the  two  forms  of  matter  aie  in  yorae 
respects  noticeably  difleivnt,  particularly  in  the  higher  tyjjes  of  orgaui^ms  in 
each  group.  The  mt>st  striking  contrxs*t,  perhaps,  is  found  in  the  fact  that 
plants  exhibit  a   lesser  degree  of  specialization   in   form  and   function  and 

1  See  Miwrrnl  PkymakHf^  (tnd  Ph^moyraphy,  T.  Sterry  Hunt,  1886. 
*  O.  Uertwig '.  Die  ZtUt  mtd  dit  (hmU,  18^3, 
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a  mtu'h  greater  power  of  as.siiiiila(ion.  Owing  to  this  latter  property  ll»e 
plaut-cell  is  able,  with  the  aifl  of  solar  energy,  to  oonstnict  its  protoplasm 
from  very  simple  forms  (if  ir)orc;;jiiuc  matter^  sn<'h  as  water,  i-nrhoii  i]i(fxi<le, 
and  iuorgauic  saltH.  In  this  way  energy  Is  storeil  wtthiu  the  vegetaUle  ecll  in 
the  substance  of  complex  organic  eom pounds.  Animal  protoplasm,  on  the  con- 
trary, has  comparatively  feeble  syntln^tie  properties  ;  it  is  cJiaraeteriziiJ  uhiefly 
bv  its  destrnetive  jiower.  In  the  long  ruu,  auimals  obtain  their  food  liom  tlie 
plant  kingdom,  and  the  auiinal  cell  Is  able  to  dissociate  or  oxidize  the  complex 
material  of  vegetable  protojilasm  and  tlius  liberate  the  potential  energy  con- 
fined tlierein,  the  energy  taking  the  furrn  itiainly  of  heat  ami  innseular  work. 
We  must  suppose  that  there  i.s  a  general  resemblanee  in  tJie  ultimate  structure 
of  animal  and  vegetable  liviog  matter  to  which  the  fundamental  siiuilarity  in 
pro|:)erties  i^  due,  but  at  the  same  time  there  mint  l>e  also  some  common  dif- 
ferent; in  interna]  .structure  between  the  two,  and  it  is  fair  to  assume  that 
the  divergent  propeHies  exhibited  by  the  two  great  groups  of  living  things 
are  a  direct  uutcnnie  of  tliis  stniclm'al  dissimilarity;  to  make  use  of  a  figure 
of  sjieech  employed  by  Bielmt,  plants  and  animals  are  cast  in  ditferent  moulds. 

It  iH  difficult,  if  not  im[K>8HLble,  to  settle  upon  any  one  property  that 
absolutely  shall  distinguish  living  from  dead  mutt^T.  Nutrition,  that  is,  the 
power  of  converting  dead  fo^wl  material  into  living  substance,  and  repro- 
duction, that  is,  the  ])ower  of  each  organism  to  jwrpetuate  its  kind  by  the 
formation  of  new  inriividuals,  are  probably  the  most  fundamentui  charac- 
teristics of  living  things  ;  but  in  some  of  the  s]XMnalizeJ  tis.sues  of  higher 
animals  tlie  power  of  reprctdurtion,  so  far  as  this  means  mere  inulliplieiition 
by  cell-divisitm,  sex^ms  to  be  lost,  as,  for  examj>!e,  in  the  case  of  the  ner\'o-cells 
in  the  i-entnd  nervous  system  or  of  the  matured  ovum  itself  before  it  is  fertil- 
ized by  the  spermatozoon.  Nevertheless  these  cellular  units  are  incllHputably 
living  matter,  and  continue  to  exhibit  the  power  of  nutrition  as  well  as  other 
pn:>perties  chameteristic  of  the  living  state.  It  is  [lossilile  also  that  the 
power  of  nutrition  may,  under  certain  conditions,  be  held  in  al^eyance,  tempo- 
rarily at  least,  although  it  is  certain  that  a  permane^nt  loss  of  this  pro|)erty  is 
incompatible  with  the  retention  of  the  living  condition. 

It  is  tVecjuently  said  that  the  most  genernl  |>ropeity  of  living  matter  is  its 
irritability.  The  precise  meaning  of  the  term  vital  Irritability  is  hard  to 
define.  The  word  implies  the  raipability  of  n*aeting  to  a  stimulus  and  usuallv 
also  the  assumption  that  in  the  reaction  some  of  the  inner  potential  energv  of 
the  living  material  is  liberated,  so  that  the  energy  of  tlie  i*esponse  is  many 
times  greater,  it  may  be,  than  the  energy  of  the  stimulus.  This  last  idea  is 
illustrated  by  the  case  of  a  contracting  mus^ile,  in  wliich  the  stimulus  acts  as  a 
libeniling  ibrce  causing  chemit^l  de<ximpo>itions  of  the  substance  of  tlie  muscle 
with  the  liberation  of  a  comparatively  large  amount  of  energy,  chiefly  in  the 
form  of  heat  or  of  heat  and  work.  It  may  be  remarked  in  pnssinir,  however, 
that  we  are  not  justifie<l  at  present  in  assuming  that  a  similar  liberation  of 
stored  energy  takes  place  in  all  irritable  tissues.  In  the  case  of  nerve-fibn*s, 
for  instance,  we  have  a  typically  irritable  tissue  wliich  responds  readily  to 
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cxtomal  :^timuli,  but  as  yet  it  has  not  boon  j)os8iblcr  to  sliow  that  tho  fonna- 
tion  or  conduction  of  a  nerve  impulse  is  accompunie*!  hy  or  dejiemlent  upon  a 
Iil>*»ration  nf  so-i'iillcd  ixitcntiMl  rhrniiral  cncrir)'.  Tlir  nature  nf  the  rcs|>onsf» 
of  irritiihic  living  matter  is  ft)tm(l  to  vary  with  the  ehuracter  of  the  tissue  or 
organism  on  the  one  hand^  and,  so  far  as  intensity  ^oes  at  least,  with  the 
nature  of  the  stimulus  on  the  other.  Response  of  a  definite  eharaetor  to 
appmpriate  external  stimulation  may  be  observwl  fre<juently  enough  in 
dead  matter,  and  iu  some  eases  the  nature  of  Uie  reaction  simulates  closely 
some  of  those  displayed  by  living  things.  For  instance,  a  dead  calgut  string 
may  be  made  to  shorten  after  the  manner  of  a  muscular  contmotiou  by  the 
appnii|>ri:tte  iipplicjitii)!!  ttf  heat,  or  a  mu.ss  of  ginipiiwih^r  may  Ik*  explodeil  by 
the  action  of  a  small  sjKirk  and  give  rise  to  a  great  liI>er!ition  of  energj*  that 
hml  previously  existed  in  potontiu!  form  within  its  nHilooules.  As  ropirds 
any  pice*'  of  matter  we  can  only  m'  that  it  exhibits  viird  irrinibiiity  when  the 
reaction  or  resjjonse  it  gives  upon  stimulation  is  one  characteristic  of  living 
matter  in  general  or  of  the  particular  kind  of  livin^r  matter  under  ol>servat ion  ; 
thus,  a  muscle-fibre  contnict-*,  a  nerve-fibre  conducts,  a  gland-cell  secretes,  an 
entire  organism  moves  or  in  some  way  adjusts  itself  more  jwrfectly  to  its 
environment.  Considerol  from  this  stuudpniiit,  irritability  means  only  the 
exhibition  of  one  or  more  of  the  p*'culi;ir  ]»ropertios  of  living  mutter  and  can- 
not be  used  to  designate  a  pro|M»rry  in  it-self  distinctive  of  lix-ing  stmctnre  ; 
the  term,  in  fact,  comprises  notliing  moi-e  S[)ecific  or  characteristic  than  is 
implied  in  the  more  gene nd  plinise  vitality.  When  an  ama'l>a  dies  it  is  no 
longer  irritable,  thai  is,  its  substance  no  longer  assimilates  when  stimulates!  by 
the  presence  of  apprr>priate  food,  its  conductivity  and  contractility  disap{>ear 
BO  that  mechauieal  irritation  no  longer  wnises  the  protrusion  or  retraction  of 
pseadopodia — no  form  of  stimulation,  in  fact,  is  capable  of  calling  forth  any 
of  the  recognized  projierties  of  living  matter.  To  ascertain,  therefore,  whether 
or  not  a  given  pieoe  of  luatter  p<»ssesses  vital  irritability  we  must  tirst  becimie 
acquainted  with  the  fundamental  profwrties  of  living  matter  in  order  to  recog- 
nize the  resjx>ns<f,  if  any,  to  the  form  of  stimulation  used. 

Nutrition  or  assimilation,  in  a  wi<le  ficnse  of  the  word,  has  already  been 
referreil  to  as  probably  the  most  univei>*jd  and  cliaraoteristic  of  these  \mi]\- 
erties.  By  this  term  we  designate  that  series  of  changes  through  which  tiead 
matter  is  reccivetl  into  the  structure  of  living  Bul)stanoe.  The  terra  in  its 
br4)adest  sense  may  be  used  to  cover  the  sul»sidinry  processes  of  digestivm, 
respiration^  absorption,  and  excretion  throiigti  which  food  material  and 
oxygen  are  prepared  for  the  activity  of  the  living  molecules,  and  the  waste 
products  of  activitv  are  removed  fnun  tlie  oT^nism,  ns  well  as  the  actual 
conversifm  of  dead  material  into  living  pr<.»toplasm.  This  last  act,  which  is 
presumably  a  synthetic  process  efleirted  under  the  influence  of  living  matter, 
is  especial  I V  designate*!  a*  analv)li«m  or  as  assimilation  in  a  narrower  sense 
of  the  won!  as  op{>osei)  to  disassimilation.  Hy  <lisassimilation  or  katalHilism 
we  mean  tliuse  clianges  leading  to  the  destruction  of  the  fxmiplex  snlistance  of 
the  living  molecules,  or  of  tlie  food  material  in  contact  with  these  molecules. 
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As  was  said  before,  aninial  protophuirn  it*  pre-eminently  kata1><)lic,  anil  the 
evidence  nf  its  katalioli.-'m  i:?  foinul  in  the  waiste  prmliK'ts,  such  as  CXX, 
HjO,  and  nn'a,  which  arc  ^iven  off'  frcuu  tiniinal  organisms.  Aa^iirnihition 
and  diHassiniilation,  or  auaboli^m  ami  kataholisin,  go  hand  in  liuiid*  and 
t<^ther  constitute  an  ever-recurring  cycle  of  activity  tluit  persists  as  long 
as  the  material  retains  its  Hvini;  structure^  and  \a  designateil  under  the 
name  nK'taholi-jitu  In  tnost  forms  t>f  living  niattrr  nielalioli^iiii  is  in  some 
way  self-limiu^l,  su  that  gradually  it  becomes  less  perfect,  old  age  oumes  on, 
and  tinally  <leutlt  cnnues.  It  li;is  Iw^en  a.-^nertefl  that  originally  the  inetalwlic 
activity  of  protuplasin  swiA  self-perpetuating — rluUj  barring  utviih'nt,  tho  e>'ele 
of  changes  would  g<t  on  forever.  Resting  upou  this  assuniptiiin  it  has  been 
suggested  hy  Weis.suianu  that  the  protoplasjn  of  the  reprotludive  elements 
still  retains  this  primitive  aiui  perfrrt  nioiaboli.sui  and  thus  jirovides  for  the 
oontinnity  of  life.  The  s[>eculations  bearing  upou  this  pjiut  will  r>e  discussed 
in  more  detail  in  the  seetiiju  on  Rejinxluctioii. 

Reprotluetion  in  ^iiue  form  is  also  pfattically  a  universal  property  of 
living  matter.  The  unit  of  stnieture  nnuaig  Jiving  organisms  is  the  cell. 
Under  pmjier  eonditiims  of  nourishment  the  cell  may  uuJergo  separation  into 
two  daughter  cells.  In  some  cases  the  separation  fakes  place  by  a  simple  act 
of  fission,  in  other  cases  the  division  is  indirect  and  involves  a  m]uil>er  of 
interesting  changes  in  the  structure  of  the  nucleus  and  the  protopla'^m  of  the 
IhhIv  of  the  celL  In  the  hitter  case  the  |irocess  is  spoken  of  as  karyokinesis 
or  Jiiitosis.  This  act  of  division  was  supposed  formerly  to  be  imder  the  cou- 
iml  of  the  nucleus  of  the  cell,  but  modern  histology  has  shown  that  in  kary- 
i»kinetic  tlivision  the  process,  in  many  eases  at  leasts  is  initiate<l  bv  a  special 
structure  to  which  the  name  centrosume  has  been  given.  The  mauy-celled 
animals  arise  by  successive  divisions  iii'  a  prinntive  cell,  the  ovum,  and  in  the 
higher  forms  of  life  the  ovum  recpiires  to  be  fertilizeil  by  union  with  a  sper- 
mati>z<M)n  before  et'll-ilivision  beciimus  p<»ssihle.  The  s]K'nnH'ell  acts  as  a 
stimulus  to  the  egg-cell  (see  section  on  Kepr(Kluction),aud  rajiid  cell-tlivision 
is  the  result  of  their  union.  It  must  be  uote<l  also  that  the  term  reproduc- 
tion includes  the  pfiwer  of  hereditary  tnuismission.  The  daughter-t-ells  are 
siniihir  in  lorui  to  the  parenl-<.'ell,  and  the  org;niisni  ]^rolluet'^l  iVom  a  fertilized 
ovum  is  substantially  a  facsimile  of  the  parent  ibrms.  Living  matter,  there- 
fort*,  not  onlv  exhibits  th*'  power  of  s<:-parating  oR'otlur  units  tW  living  matter, 
but  of  ininsmittiug  to  its  [>n>geuy  it**  own  peculiar  internal  structure  and 
pro|>erties, 

<  ontractility  an<l  con<lnctivity  are  properties  exhibited  in  one  form  or 
another  in  all  uniuial  organisms,  and  we  nuist  conceile  that  they  arc  to  be 
counted  among  the  primitive  properties  of  protoplasm.  The  power  of  con- 
tracting or  shortening  is,  in  fact,  one  of  the  commonly  recognized  features  of 
a  living  thing.  It  is  gimerally  present  in  the  simplest  forms  of  animal  as 
well  as  vegetable  life,  although  in  the  more  specialized  forms  it  is  found  most 
highly  develojK'd  in  animal  organisnjs.  The  opinion  seems  to  be  general 
among  physiologists  that  wherever  this  property  is  exhibited,  whether  in  the 
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formation  of  the  p-seiulopodia  of  an  aniii>l>a  or  while  blixtd-corpuR-le,  or  in 
ihe  vibraiilo  m(»vemcnts  of  ciliary  structurrs,  or  in  ihe  powerful  contractions 
of  voluntary  muscle,  the  underlying  mechanism  by  which  the  shortening  is 
produced  is  essentially  tlic  >iiunc  throutrhnut.  However  general  tho  pn'|H?rty 
may  be,  it  cannot  be  consitleiXMl  as  ahsiylutely  cliaracteristic  of  living  atruc- 
lupe.  As  was  mentioned  before,  Engejniann  *  ha>i  i>een  able  to  show  that  a  dead 
catgut  string  wln'ii  siirnmndetl  by  water  of  a  certain  teinperatuiv  and  ex|>ofted 
lo  a  sudden  additional  rise  of  leiiiiRratnre  will  contract  or  shorten  in  a  man- 
ner closely  analogijus  to  the  eontnirtion  of  ordinary  lunscular  tissue,  and  it  is 
not  at  all  impossible  that  the  moleeular  procx^sses  involved  in  the  bhorteuing 
of  the  catgut  string  and  the  rnu-KrIe-tibre  may  be  e?-sentially  the  same. 

That  conductivity  is  alno  a  fundamental  projK.rty  of  primitive  pivittoplasmic 
structure  seeujs  lo  be  as^ureil  by  the  reactions  which  the  simple  motile  forms 
of  lile  exhibit  when  exposed  to  external  htimulation.  An  irritatioi*  applied 
to  one  poir)t  of  a  j»rt:»toplasmic  mass  may  produce  a  reaction  involving  other 
parts,  or  indeed  the  whole  extent  of  the  organism.  The  ]>lienomenon  is  most 
rlenrlv  exhtbitcti  in  the  more  specialized  aniniuls  poHsc^ssing  a  distinct  nervous 
system.  In  the^e  forms  a  stimulu.s  applied  to  one  org:in,ari  tor  instance  light 
acting  upon  the  eye,  may  Ik^  followed  by  a  reaction  involving  (piite  distant 
organs,  such  as  tfie  mtisclcs  of  the  extremities,  and  we  know  that  in  these 
castas  the  irritation  h-is  been  eonilnctetl  from  one  organ  to  the  other  by  means 
of  the  nervous  tissues.  Rut  here  also  we  have  a  property  that  is  widely 
exhibited  in  inanimate  nature.  The  conduction  of  heat,  electricity,  and  other 
forms  of  energy  is  familiar  to  every  one.  While  it  is  t|uitc  pi:»ssible  that  chju- 
duetion  ihnnigh  the  substance  of  living  protoplasm  is  something /«*/  */enrr/<, 
and  does  not  find  a  strict  |)arallel  in  dead  stmelures,  yet  it  must  be  admitted 
that  it  isctuiceivable  that  the  molecular  pnKvsses  involved  in  nerve  conduction 
may  Ijc  essentially  the  same  as  pix-vail  in  the  conduction  of  heat  ihntugh  a 
solid  body,  or  in  the  conduction  of  a  wave  of  pressure  through  a  liquid  mass. 
At  present  we  know  nothing  definite  as  to  the  exact  nature  of  vital  conductioo, 
and  can  therefore  affirm  noihiug. 

The  four  great  properties  enumerated,  namely,  nutrition  or  assimilation 
(including  digestion,  seea'tion,al»srjr]>tion,  excretion, anabolism, and  katab<jlism), 
reprodiwtion,  «>ndu<llon,  and  contractility,  f(»rm  the  im|M)rtant  fuitures  which 
we  may  recognize  in  all  living  things  an<l  wliich  we  make  u?e  of  in  distin- 
guishing between  dead  and  living  matter.  A  fifth  |)roperty  perha|)es  should 
be  added,  that  of  sensibility  or  sensation,  but  concerning  this  property  as  a 
general  accompaniment  of  living  structun/  our  knowUilge  is  extremely  im- 
perfect; something  more  as  to  the  difficidties  connected  with  this  subject  will 
Ije  said  presently.  The  four  fundamental  pro|>erties  mentionetl  are  all  ex- 
hibited in  sf)me  degrtv  in  the  simplest  forms  of  life,  such  as  the  protozoa.  lu 
the  more  highly  organized  animals,  however,  we  find  that  specialization  of 
function  prevails.  Hand  in  hand  with  the  differentiation  in  form  tliat  is 
displayed  in  the  structure  of  the  constituent  tissues  there  goes  a  specialization 

■  Utbtr  dm  Urwprung  dtr  MnakeUrafi,  I^iMUg.  1893. 
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MMMOriMl  kl  liVtfsH 
Tt^i    frrz/t/ypiflMa  tA  til* 

iif*lwork,  Irtil  ^itrinfp  the  art  of 

iiiMiilM^r  of  nirlii  or  fikownU 

^immI  ri'tiMMfii  fiff  MiffviflpftiHACfae  power  W 

ti'riMirn  in  *lc|M'n<)<r»f  npon  ti»»  fUiKtiirp  of  tlwse«lM«a«HHKSb    TlwnDcleiiSr 

riHtrfwrvcr,  /umtroU  in  wifoe  wsf  llw  lacCifaaliHi  af  ife  lbAml  ceU^  fiir  it  faas 
U'ftj  nIiuu'ii,  in  loriM*  («'IIm  ttt  IcMl,  tktt  a  tm  hiImNiI  pMW  of  Ae  crtoplasm 
itt  iu»l  (Hily  dffiriv^Nj  of  tin-  \nmft  of  rrprrMluctioo,  bot  kasako  waA  limited 
|MUV(M-N  nf  tiiilnliori  lliat  it  ((iti'-kly  awlrf^^oo  dmntcfnitkm.  On  th^*  other 
\\\\\\i\  (Mtiitnirjilitv  niKl  r<>ii<iiifiivity,  and  nome  of  the  faDrtioD:?  cooDectcnl  with 
liutritiith,  fttioli  fi^  di^i'Mtioii  ntid  excretion,  !>een)  often  to  be  spedalizctl  in  the 
eytopliiitnu  Aw  n  fiirthf^r  example  of  differentiation  in  the  cell  itself  the  ex- 
ishMKHMif  (hiMviilroMiiiic  may  Ih?  reft'rn?<l  to.  The  oentro«orae  is  a  b«H)y  of 
x-TTk  miiinto  nirr  tlial  Iuih  btrn  diMfivcrf^l  in  nunif^ronp  kinds  of  cells.  It 
te  rWfcrulrTwl  hv  tim[i\  (tliwrvew  to  Im"  a  pTmanent  ^tnictnreof  the  cell,  lying- 
>^lwf  ivi  thr  rvl»'pl;\Mn,  ur  jmimhiIiIv  in  Horiie  cimes  within  the  iKiiindaru-"-  <if  the 
When  prt'smt  it  sretns  to  have  >M»nn'  siMM-iai  runflion  in  toiinorlion 
iW  iBmmi<-nts  of  the  ehrouiosomcH  dnrin):  the  act  of  cell-division.  In 
uiimalfi  tlu'  priitiiHvr  |HN«jnrti"'S  <\S  jimtoplnsni  heconu-  liiglily 
►nei*  of  tliis  MilKlivisittti  i\K  Inrirliori  nnitm^  the  VMrioiis 
iT«  the  most  I'oniplex  anintaU  nre,  from  a  pliysiolo^itml 
T^r  -sitti-  iirp*»ses  of  sillily.  Axm"^^  in  them  the  various  pni|>^ 

only  exiiihitod  more  distiiu'tly,  hilt  each  is,  as  it 
if(i!v  l>e  investigated  more  ilire<nlv. 
piti|H^rties  so  clearly  recognizable 
s  are  all  actually  or  pc^irntiullr 
Lttopht'i^m  of  the  .simplest  uni- 
ler  words  the  dii^ectioo  of 
lite,  hut    4iu  the  oootrarv 
le< !   thai   in  spite  of   the 
pr<>|KTtie^   as  Yv«ll  m&   tbe 
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forms  of  the  differentiate  tissues  thnjuglioiit  the  auiinal  kingdom  are  strikingly 
alike.  Striaterl  muscle,  with  tJie  characteristic  property  of  .^Imrp  and  (wweriul 
contraction,  is  evervwhere  found  ;  the  central  nervons  system  iu  the  inver- 
tebrates is  built  upon  the  same  tyi>e  as  in  the  highest  mammals,  and  the 
variations  met  with  in  different  animals  are  pmlxibly  but  varying  degrees  of 
jierfection  in  the  develi>puient  of  the  innate  poi^ibiiity  eontainetl  in  primitive 
protopla>;ni.  It  is  m»t  loi*  nmrh  to  say,  perlmp-^,  that  were  we  acquainted  with 
the  structure  and  ehemisilry  of  the  ultimate  units  of  living  substanoe^  the  key 
to  the  |>ossibilities  of  the  evolution  of  form  and  function  would  l>e  in  our 
possession. 

Most  interesting  suggestions  have  been  made  in  recent  years  as  to  the 
esfiential  molecular  structure  of  (iviiiLr  matter.  Tliese  views  are  necessarily 
very  in<?omplete  and  oC  a  highly  hpeculative  diameter,  and  their  ctirrectness  or 
incorrectness  is  at  present  beyond  the  range  tif  experimental  proof;  never- 
theless they  are  sutticiently  interesting  to  warrant  a  brief  statement  of  some 
of  them,  as  they  seem  to  show  at  lea.'^t  the  trend  of  physinlogical  ihoupht. 

Pfliiger,'  in  a  highly  interesting  [Ki|x*r  ujwju  the  nature  of  the  vital  pro- 
068868,  calls  attention  to  the  great  instability  of  living  matter.  He  supposes 
that  livint:  j^ubstain'i'  cinisists  of  very  (Simplex  and  very  unstable  molecules  of 
a  proteid  natuiv  winch,  l»e«iuse  of  the  active  intra-iuolecular  nnjveinent  pre- 
seDt,  are  continuatly  dissi.»ciating  or  falling  to  pieces  with  the  formation  of 
simpler  and  more  stable  bodies  such  as  water,  carbon  dioxide  and  urea,  the  act 
of  dissociation  giving  rise  to  a  libenition  of  energy.  "  The  iutra-molei*ular 
heat  (movement)  of  the  (^11  is  its  life."  He  suggests  that  in  this  living  mole- 
cule the  nitrogen  is  contained  in  the  form  of  a  cynnogen  cr»m|>ound,  and  that 
the  instability  of  the  molecule  de|M'nil.s  cliiefly  njHai  this  |>articular  gn^uping. 
Moreover  the  |M)wer  of  tiie  molecide  to  assimilate  dead  prutei*!  and  convert  it  to 
living  proteid  like  itself  he  attributes  to  the  existence  of  the  cyanogen  group. 
It  is  known  thai  cyanogen  coni[M>unds  possess  the  property  of  polymeriauition^ 
that  is,  of  Ci>nil>ining  with  similar  nudwules  to  form  moiv  complex  mole- 
cules, and  we  may  suppose  that  the  molecules  of  dead  proteid  when  brought 
into  contact  with  the  living  nioleeides  are  i-^tmbinetl  with  the  latter  bv  a  pro- 
cess analogous  to  |>olymeri3!ation  or  condensation.  By  this  means  the  stable 
structure  of  dead  jiroteid  is  converted  to  the  labile  structure  of  living  proteid, 
and  the  molecules  of  the  latter  increase  in  >ize  and  instability.  Wlien  living 
substance  dies  its  molecules  undergo  alteration  and  Un'onie  in<^|»able  of  ex- 
hibiting the  usual  properties  of  life,  Pflfiger  suggests  that  the  change  may 
consist  essentially  in  an  absorption  of  water  whereby  the  cyanogen  gnuiping 
fiasses  over  into  an  ammonia  grouping.  Loew'  assumt^  also  that  the  dif- 
ference between  dead  and  living  or  active  proteid  lies  chiefly  in  the  fact  that 
in  the  latter  we  have  a  very  unstable  or  labile  molecule  in  which  the  atoms  are 
in  active  motion.     The  iintabilitv  of  the  molecules  he  likewise  attributes  to 


'  Archivfur  die  yewmmte  I^hy^'fio^iie.  1875.  Bd.  10.  S.  251. 
Mtint'hen,  188^2;  IruperiBl  Intttitule  of  Tokyo  (Colli^  of  Agrriculture),  1894. 
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the  cxifllencc  of  certain  groupings  of  the  atoms.  luHiioTK'cd  in  [>art  hv  the 
power  of  living  umterial  to  i*e4lut'e  alkaline  silver  solutions,  he  HUpposes  that 
the  specially  iiuportatit  labile  group  ia  the  molecule  is  the  aldehyde  radical 

—  C~rT'     '-^he  nitrogen  cxisU  also  in  a  labile  ainido-  combinatiou,  — NH,, 

and  the  active  or  living  form  of  these  two  groups  may  be  expressed  by  the 

-CH-NHj 
formula       I  _q.     If  this  grouping  by  chetnical  change  became  con- 

verted  to  the  grouping  _.  p   —  PH*  »K  '  '''  ^'^^^*^  form  a  comj>aratively  inert 

I'urnpomiil  stich  as  we  have  in  th^iul  j)n>t(_'id.  Latham'  prn]>r»ses  a  theory 
which  ooaibiiit'H  the  ideas  of  PHiJgtT  and  of  Loew.  lie  suggests  tliut  tiic 
living  molecule  may  be  composed  of  a  chain  oi  eyan-alcohols  united  to  a  ben- 
zene nucleus.  The  cyan-aleolnila  are  obtained  by  the  union  oi'  an  aldebvde 
witli  hydrocyanic  aci<l  ;  they  eontjiin,  tlHTcforo,  the  labile-aldehyde  gnuipiug 
as  well  as  the  <'vanogeii  nucleus  to  which  i'tiiiger  attnbutes  such  importance. 

Aetna!  itivestigiitirui  of  tJi*;  chemical  structure  of  living  niatt*T  can  hanlly 
be  said  U\  have  made  a  lieginnin^.  Tlie  first  step  in  this  diret-tion  has  been 
made  iti  the  sttidy  nf  the  chemii-al  strnetnre  of  tlie  group  of  prcitcids  wliich 
have  usually  been  eonsidere<l  as  forming  the  most  characteristic  constituent 
of  pn*l<iptasiti.  IVnteitls  as  we  obtain  them  from  the  dead  tissues  and  liquids 
of  the  body  [lavr  proved  to  he  very  varieil  In  properties  and  structuix*,  so 
miuh  so  in  fact  that  it  is  imiKtssible  to  give  a  satisfactory  definition  of  the 
group.  Manv  of  them  can  be  ohtaiiicd  in  a  pijn%even  in  a  crystalline  funn^ 
and  iheir  percenUige  composition  can  therefore  be  determiuixl  with  ease. 
But  the  fundamental  chomirul  structure  that  may  be  supposed  to  characterize 
the  pro!eid  grmip,  and  the  changes  in  this  structure  prtMlucing  the  dit1ei"ent 
varieties  of  pnitcids  arc  matters  us  ytt  undetermined.  Several  pnjmisiug 
efforts  have  been  made  to  construct  pmtctds  synthetically,  but  the  results 
obtained  are  at  present  incomplete.  On  the  other  hand,  Kosscl  '  lias  isolated 
from  the  spermatoztni  of  certain  fishes  a  com]uini(ivcly  .simple  nitrogenous 
lH>dy  <i4'  basie  pn>perties  (protamine),  which  he  rrgurds  us  the  simplest  form 
of  protcid  and  the  essential  core  or  nucleus  cliaracterizing  the  structure  of  the 
>vhole  group.  It  is  au  interesting  thought  that  in  the  heads  of  tlie  sjK-rma- 
tozoa  with  their  coniple.K  possibilities  ui'  <levehipment  ami  hereditary  tnui.s- 
niission,  dependent  as  these  properties  must  be  upon  the  chemical  stnicture 
of  the  germ  protoplasm,  there  niay  be  found  the  shnplest  form  of  proteid, 
KosscPs  work,  it  may  be  note*!,  lias  not  gcuie  so  far  as  to  indicate  the  jiossible 
molecular  structure  of  the  pnitaniines. 

It  has  been  assumed  by  many  observers  that  the  properties  of  living 
matter,  as  we  recognize  them,  are  imt  solely  an  outcome  of  the  inner  structure 
of  the  hypothetical  living  nuilecides.     They  believe  tiiat  these  latter  units  arc 

>  British  MeHicnl  Journal,  1886,  p.  629. 
^XeUxhriftfur  phy>ti<tl.  C'A/t/i.,  1898;  xxv.  1899,  xxvi. 
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fashloucHl  ink)  lurger  secondary  units  eacli  of  wliicb  is  a  definilo  agj^regnte  of 
chcmionl  inoleoules  and  possesses  ecrtuiu  proj)ertics  or  reactions  that  depend 
upon  tlio  mode  of  arrangement.  The  idea  is  similar  to  that  advancc<i  by 
mineralogists  to  explain  the  structure  of  crystals.  They  suppose  that  the 
ohemind  molecules  are  arranp^-il  in  larjjer  or  smaller  j^roiips  to  which  the 
name  "physical  molecules"  has  been  piven.  8t>  in  living;;  protoplasm  it  may 
be  that  the  snialh^st  purtirlos  ^-aiwible  of  exhihitin;^  the  essential  j>ro|H'rticH 
of  life  are  j^nnips  nf  iillirtuifi'  molecules^  in  \\\v  cJU'iiiical  sense,  having  a 
definite  arrangement  ami  definite  phvsical  properties.  These  secondary  unitB 
of  structure  have  Ik-cu  designatetl  by  various  names  such  as  **  physiological 
molecules,'"  "somaciiles,"'*  raioellse,'*  etc.  Many  iacts,  especially  from  the 
Bide  of  plant  physiology,  teach  us  that  the  physical  coastitution  of  protoplasm 
is  probably  of  great  importance  in  understanding  its  reaction  to  its  environ- 
ment. Microscopic  analysis  is  iu^fuflicient  to  reveal  the  existence  or  character 
of  these  "physiological  molecules,"  but  it  has  abundantly  shown  that  proto- 
plasm has  always  a  certain  physical  construction  and  is  not  merely  a  struo- 
Itirch'ss  Hiiid  t>r  senii-rtnid  mass. 

What  lias  bi'cn  said  jibove  may  serve  at  least  to  indicate  the  prevalent 
physiologicjil  liclicf  that  the  pficnomcna  shown  by  living  matter  an*  in  the 
main  the  result  of  tin-  m-tion  of  (lie  known  fornix  (»f  energy  through  a  snl>stancc 
of  a  complex  ami  unstable  stitictun;  whii-li  |M)ssesscs,  moreover,  a  physical) 
organization  responsible  for  some  of  the  peculiarities  exhibited.  In  other 
wonis,  ihc  phenomena  of  lii'r  art*  referred  to  llie  phvNiwil  and  chcinicid  stnu;- 
tiire  of  priiti>plasMi  and  may  l)e  explained  under  the  gL-nei-al  physical  and 
chemical  laws  which  control  the  pnx^sses  of  inanimate  nature.  Just  as  in 
the  case  of  dead  organic  or  inorganic  sulkstancc»s  we  attempt  to  explain  the 
differences  in  pro|>crties  K'tween  two  substances  by  reference  to  the  ditfereuoe 
in  chemical  and  physical  structure  between  the  two,  so  with  regard  to  living 
matter  the  pcctdtar  difFercnces  in  pro|»erlie9  that  s<*parate  them  frt»m  dead 
matter,  or  f<»r  that  matter  the  ditrenMicos  that  distinguish  one  fonn  of  living 
matter  from  anolher,  mu.-^t  eventually  depend  upon  the  nature  of  the  under- 
lying physical  and  chemical  structure. 

In  flic  early  part  of  this  century  many  prominent  physiologists  were  still 
so  overwhelmetl  with  tlie  mysteriousness  of  life  that  they  t(M)k  refuge  in  the 
hypothesis  of  a  vital  force  or  principle  of  life.  By  this  term  was  meant  a 
something  of  an  unknown  nature  that  contr«tlle<l  all  the  ]>henomena  ex- 
hibited by  living  things.  Even  (trdinary  chemical  com|iuunds  of  a  so-irallcd 
organic  nature  were  supposed  to  be  fornunl  umler  the  influence  of  this  force, 
and  it  was  thought  ctmhl  not  be  produced  otherwise.  The  error  of  this  latter 
view  has  been  domousirated  conclusively  within  recent  years :  many  of  the 
substances  formed  by  the  prooesses  of  plant  and  animal  life  nre  now  easily 
produced  within  the  laboratory  by  comparatively  simple  svuthetic  raetboda, 

'Meluer:  "Ueber  die  fiindamentAle  B«<Ieutung  der  Erachutterung  fur  die  lebende  Bis* 
terie,"  XeiUchrijt  fur  RuUoi/ir^  Bil.  xxx.,  lKy4. 

' rosier:  PAyno/o^y  (Introduction).         ^Niigrli:  Thnrieder  GoArvfi^,  MQnrheOt  187V, 
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By  the  diHtlnguisIiL'd  labors  of  Eiiiil  Fist'lior'  even  the  Btrucluix^  of  ctirlxihy- 
clratc  bodies  has  been  deternimwl,  and  bcnJies  Wlouging  to  this  group  have 
been  syiithetlfally  constructed  in  the  laboniton*.  Mf»n-Hiverj  the  v*«irk  of 
8(^hutzenl)c'rgor,  (irintanx,  and  Pickering  gives  promitie  that  before  hnig  pro- 
teid  bodies  may  ]>e  priiiinei-d  by  similar  methods.  Physiologists  have  shown, 
f*n*tlierniore,  tliat  the  digestion  tliat  takes  place  in  the  st^>niach  i>r  intestine 
may  be  eif't'oted  also  in  test-tnbe.s,  and  at  the  preseiit  thty  pnjbabiy  no  one 
doubts  that  in  the  aet  of  digestion  we  liave  to  deal  only  with  a  series  of 
chemirul  reactions  which  in  time  will  be  underst<xKl  as  clearly  as  it  is  possible 
to  coniprelienei  any  form  t>f  chemical  activity,  Indrcil,  the  whole  history  of 
liMid  in  the  ijudy  follows  strictly  the  great  pliysicjil  Jaws  of  the  cons<'rvaliou 
of  matter  and  of  energy  which  prevail  outside  tlie  body.  No  one  disputes 
tlic  propi»<ition  that  tlie  material  of  growth  and  of  excretion  comes  entirely 
from  the  food.  It  hiis  been  ilemoustnited  that  the  measureablc  energy  given 
of!"  fpjm  tlie  body  is  all  eontaiue<l  |)otentially  within  the  food  thnt  is  eaten/ 
Living  tbiiigis,  so  far  as  can  be  deterniineil,  can  only  transform  matter  and  en- 
ergy ;  they  cainiut  create  or  destroy  them,  and  in  this  respect  tliey  are  like  inan- 
imate objects,  lint,  in  spite  of  the  triumphs  tliat  have  followeil  the  nst^*  of  the 
exj)eriruenttil  rnethoti  in  physiology,  every  one  rec(>gnizes  that  our  knowledge 
is  as  yet  very  incomplete.  Many  important  manifcstiiti^ais  of  life  c^inuot  be 
exjihuiieJ  by  reference  to  any  of  the  known  iiiets  or  laws  of  physiis  and 
<'hemistry,  and  in  stnue  eases  these  phenomena  are  seemingly  removed  from 
the  field  of  experijiiental  investigations.  An  long  as  there  is  this  residuum 
of  mystery  comieetwl  with  any  of  the  pro<'esses  of  life,  it  is  but  natural  that 
there  should  be  two  pt>iuts  of  view.  Most  pliysiologists  believe  that  as 
our  knowledge  and  skill  inereaMc  these  mysteries  will  be  explaiued,  or  nitlier 
will  l>e  refi-rretl  to  the  same  great  final  mysteries  of  the  action  of  uiatter  and 
energy  under  definite  laws,  under  which  we  now  classify  the  phenomena  of 
lifeless  matter.  (^hhei*s,  however,  find  the  difHciilties  too  great, — ihey  perceive 
that  the  laws  of  phy.-ies  and  chemistry  ai*e  not  c*itnpletely  adefpmte  at  present 
to  explain  all  the  phcnontena  of  life,  and  assume  that  they  never  will  be. 
They  suppose  that  there  is  soinetlnug  in  activity  in  living  matter  which  is 
not  present  in  dead  matter,  and  which  for  want  of  a  l>etter  term  may  be  desig- 
nated as  viiul  force  or  vital  energy.  However  this  may  be^  it  seems  evident 
that  a  doctrine  of  this  kind  stifles  inquiry.  Nothing  is  more  certain  than  the 
fact  that  Hie  irreat  advances  made  in  phvsiology  during  the  hist  four  decades 
arc  Muiiuly  owing  to  llie  abandonment  of  this  idea  of  an  ntdiuown  vital  force 
and  tlie  determination  on  tlie  part  of  experimenters  to  make  the  greatest  }X)S- 
sible  use  of  the  known  laws  of  nature  in  explaining  the  phenomena  of  life. 
There  is  no  reason  to-<lay  to  suppose  tliat  we  have  exhausted  tlie  results  to  be 
obtained  by  the  application  of  the  methods  of  physics  and  ehemistr}'  to  the 
study  of  living  things,  and  as  a  matter  of  fact  the  great  bulk  of  physiological 
research  is  proceeding  along  these  lines.     It  is  interesting,  however,  to  stop 

'  Dit  Oinnif  tier  Kohlcnktfiimtf,  Berlin,  1894. 
•Rubner  :  ZHtachriJt  fiir  BitAogit^  Bel.  ixx.  S.  73,  1894. 
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for  n  momrnt  to  pxnminr  liricfly  wtrno  of  the  prohletiis  wliicli  as  yet  Imve 
I'fit'silKMi  satiefacton'  H)lution  by  these  methods. 

The  phenomena  of  seeretion  and  al>iM»rption  form  int]x)rtant  parts  <if  the 
diprstive  pnicoj^ses  in  hij^fwT  aiiimjils,  nnd  witlmiit  ihinlit  are  exhil>it^'d  In  a 
minttr  dcprec  in  the  iinitMlliiliir  tyjM's.  In  iht*  hi^'licruniiiials  llie  Hecretion.s  may 
Im'  collected  and  annlyze<l,  and  their  roni|)osition  may  he  compared  with  that 
of  the  lymph  or  l)lo<»d  from  which  they  are  derived.  It  lias  been  found  thai 
secretions  may  contain  entirely  new  snUstance^i  not  found  at  all  in  the  bh>*xl, 

for  example  the  mucin  of  saliva  or  the  feruieut^  uud  HCl  uf  gastric  juice; 
or,  on  the  other  hand,  that  they  may  i^ntain  substauee?*  wlticli,  ahhou<^h  pres- 
ent in  the  blood,  are  found  in  nuieh  greater  |>ereenlage  amounts  in  the  secre- 
tiim — as,  for  instance,  is  the  case  with  the  urea  eliminated  in  the  urine.  In  the 
latter  case  we  have  an  in.stant."e  of  tlie  ix-culiar,  almoi^t  pur|XKseful,  eUvtlve 
action  of  gland-cells  of  which  many  otiier  exatuplerf  might  l>e  given.  With 
rejranl  to  the  new  material  present  in  the  secretions,  it  finds  a  sufficient  general 
explanation  in  the  theory  that  it  arises  from  a  metal>di>m  of  the  protoplac^mic 
material  of  the  gland-ei-ll.  It  uifers,  therefoiv,  a  purely  chemical  pi-oblem 
whicli  may  anil  pi'*»bably  will  be  workwl  out  stiiistVtorily  for  each  secretion. 
The  selective  |iower  of  glainl-^-flJs  for  particular  eouslitucuts  of  the  blood  is 
a  more  dittiindt  4pu-.'rlioa.  We  Jind  no  exact  ]>arallel  fijp  thin  kind  of  action 
in  chcmirai  litiTature,  but  there  can  l>e  no  reasonaljle  thmbt  that  the  phe- 
nomenon is  essentially  a  chemical  or  physical  reaction  involving  the  activity 
of  some  of  the  forms  *jf  energy  wi(h  whieh  the  sltuly  of  inanimate  obi<'(*l6  has 
already  made  us  partially  familiar.  N\*e  may  indulge  the  hitjie  that  the  details 
of  the  reaction  will  be  discovered  by  more  complete  chemical  and  micro- 
scopical study  of  the  structure  of  these  cells.  If  in  tlu*  nuiintime  the  act  of 
selection  is  spoken  of  as  a  vital  plienomenou,  it  is  not  meant  thereby  that  it  is 
referred  to  the  action  of  an  unknown  vital  force,  but  only  that  it  is  a  kind  nf 
action  deiHTident  ni>on  the  living  structure  of  the  cell-snbstance. 

The  act  of  abstfrptiou  of  digested  pnnlucts  from  the  alimentary  canal  was 
for  a  time  supposed  iv  be  exphiinrd  r*inipk'tely  by  the  laws  of  imbibition, 
diffusion,  and  osmosis.  The  epithelial  lining  and  its  basement  membrane  form 
a  septum  dividint:  the  hNxHl  ami  lytnph  on  the  one  side  from  the  ixmtents  of 
the  alimentary  t-ana)  on  the  other.  Inasmuch  as  the  two  liquids  in  (|uestion 
are  of  unequal  coni]Hisition  with  regard  to  certain  couettituents,  a  diffusion 
stream  should  be  s<t  uj>  whereby  the  ]X'ptones,  sugar,  Kilte,  etc.  would  pasa 
from  the  liquid  in  tlie  alimentary  canal,  where  they  exist  in  greater  concen- 
tration, into  the  blood,  where  the  c*»ntx*ntrjition  is  less.  Careful  work  i>f 
recent  years  has  shown  that  the  laws  of  ilittusion  and  osmosis  are  not  adequate 
to  explain  fully  ti»*»  absorption  that  actually  occurs ;  a  more  detailed  account 
of  the  dif1i(*ultics  met  with  may  Ik*  found  in  the  section  on  Digestion  an<I 
Nutrition.  It  hits  Income  customary  to  s]K-ak  of  ahsr>rption  as  cause^l  in  |iart 
by  the  phynical  laws  of  dilfusion  and  osmesis,  ami  in  part  by  the  vital  activity 
of  till-  I'pilhelial  rfll>.  It  uill  be  noticnl  that  th<'  viud  projMTtv  in  tins  case  is 
a^ain  an  eletrtivc  affinity  for  certain  constituents  similar  to  tliat  which  lias  been 
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r('f(Tro(i  to  in  discMissing  tho  act  of  sorrotion.  The  mere  fact  that  tlio  plivsii*nl 
theory  hais  provetl  so  far  to  he  insufficient  is  in  its<'lf  no  reason  for  ahandoniui; 
all  liopc  of  a  .satisfaotorv  explanation.  Most  physiologists  probably  Vjoliove  that 
further  cxperinieTttil  work  will  hrinp;  this  phononnniou  out  of  it.-^  ohseurity 
and  sliow  that  it  is  tixplii'uhh'  in  terms  of  known  ]ihysi<*al  and  elieniieal  fonvs 
exerted  throiij^h  the  peculiar  suhstanee  of  the  alworptive  celL 

The  fact.f  of  hen'dity  and  eonsrionsneHs  offer  difficulties  of  a  mneli  jjraver 
ehanitrter.  The  ftmction  nf  r*']vrodurtitni  is  two-sided.  In  tltt*  first  plnee 
there  is  au  aetive  mnlliplieation  of  cells,  l>eirinninj^  with  the  He^mentatitm  of 
the  ovum  into  two  ]»lastoniere'S,  and  cnntinuini:  iji  tlie  larger  animals  to  the 
forniiUion  of  an  innnnier-ahle  nudtitiido  of  cx-llnlar  unit:!.  In  the  second  place 
there  is  present  in  the  ovum  a  forni-huililing  power  of  such  a  eharaetrr  tliat 
tlie  j^^reat  i-oniplex  of  cr-lls  arisin^^  t'roni  it  prmluces  not  a  lietenttr*^neoiis  mass,  lint 
a  detinite  orjjanisni  uf  the  same  structure,  or^an  for  or<ran  and  tissue  for  tissue, 
as  the  parent  form.  Tiie  ovum  of  a  starfish  develops  into  a  starfish,  the 
ovnm  of  a  dog  into  a  dog,  and  the  ovnni  of  man  into  a  hunmn  being. 
Herein  lies  the  great  proldeni  of  lieredity.  The  mere  nudtiplicxitioti  \>{  evils 
by  direct  or  indirect  divi.sion  is  not  beyond  tlie  rin^ic  of  a  eoin.-eivable  me- 
chanical explanation.  Given  the  properties  of  ussinulation  and  C4>otractility  it 
ift  j)ossibJe  that  the  act  of  cell-divisinn  niav  be  ti'iUM-ti  to  jiurelv  pliy-^ii^l  and 
chemical  causes,  and  ah*eady  cytoloj^ical  work  is  i>|M-nin^  tlie  way  to  cn^Hble 
hypotheses  of  this  character.  Bat  the  phenomena  of  heredity,  on  the  other 
hand,  are  to4>  complex  and  niysterion?  to  justify  any  immetliate  exiK-ctation 
that  they  can  be  explaineil  in  terms  of  the  known  projK-rties  of  matter.  The 
crude  theories  of  earlier  times  have  not  stood  t!»e  test  of  investigation  by 
modern  methods,  the  microscopic  anatomy  of  botli  ovum  and  sperm  showing 
that  thev  are  to  all  appearances  simple  cells  that  exhibit  no  visible  siijns  of 
the  Wiinderful  pf^tenlialiLies  coutaiuetl  within  them.  Histolot^^ieal  x\ni\  experi- 
mental investigation  has,  however^  cleared  away  some  of  the  difficulties  for- 
merly surronndinji  the  subject,  for  it  has  shown  with  a  hi^h  degree  oi"  prob- 
ability that  the  power  of  here<lilary  tmii?^mis-sion  n^ides  in  a  particular  sub- 
stance in  the  nucleus^  namely  in  tiie  so-cnIltHJ  chre)niatin  inateml  that  forms 
the  chI•oJm^somcs.  The  faseiuatin|j:  obsi-rvations  *  that  luivi-  b-d  to  ibis  con- 
clusion [)romise  to  ojien  up  a  new  field  of  experinienlutioti  anil  speenlation. 
It  seems  to  be  possible  to  study  hen^dity  by  accepttnl  seientifie  methodH,  and 
■we  may  therefore  hope  that  in  time  more  lij^jht  will  be  tlin>wn  upon  the  con- 
ditions nf  its  existence  and  [mssibly  ujH)n  thu  natiu'c  of  tiie  forces  concerned 
in  its  protluction. 

In  the  facts  of  consciousness,  lastly,  we  are  coufmnted  with  a  pmblem 
seeminj^ly  more  difficult  than  here<lily.  In  otirselves  we  recojrnize  <litferent 
states  of  consciousness  followinii:  upon  the  physiological  activity  of  certain 
parts  of  the  central  nervous  system.  We  know,  or  think  we  know,  that  these 
sow-idled  j>sycbical  states  are  eorrelat**d  with  chancres  in  the  pr*<fo]>lasmic 
tuuterial  of  the  c«_irtical  cells  of  the  (-ereln-al  he[rnspber€*s.  When  these  cells 
'WiUon:  Th«  Cell  in  Devthpm^  and  InhrHtanct,  I89C. 
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are  stimulated,  pwychioil  states  result;  when  they  are  injured  or  removed, 
psychit-al  activity  is  depressetl  or  <lestmyecl  altogether  according  to  the  extont 
of  the  injur)*.  From  tin*  physiolojii^icjil  stnnd[>oint  it  woukl  seem  to  l>e  as 
juatiliahle  to  assert  that  conftciousncMs  is  a  |jr(ijR.'rty  of  tlie  cortical  nerve-cells 
SB  it  b  to  define  c<»ntract!lity  a>  a  ])roj>erty  of  muscle-tissue.  But  the  short- 
ening of  a  mubck  is  a  j»hy.sioi\i  pjifiutnienon  that  can  be  obsorvtNl  with  the 
senses — be  measured  niul  tlieoretically  <\\|)lainwl  in  terms  of  the  known  |»roji- 
erties  of  matter.  Psych  icitl  statw?  ariv  liowcver,  remt>ve<l  from  such  nietliuiis<»f 
study;  they  aresulijective,  and  cjuinot  be  measure*!  or  weiglied  or  otherwise  esti- 
mat4?d  with  suiHcient  accuracy  an<i  ciimplclcness  in  terms  of  mir  units  of  energy 
or  matter.  There  mii&t  bi*  u  cau.-^ativc  connection  IkIwccu  the  objLVtivechan^^ 
in  tiie  brain-cells  aud  tlie  corresponding  states  of  consciousjiess,  but  tlie  nature 
of  this  connection  renialns  Ijidden  frimi  us  ;  and  so  hopeless  does  the  problem 
Aeem  that  some  of  tiur  profiiund^Nt  thinkers  have  not  hesitated  to  a&sert  that  it 
can  never  be  solved.  Whether  or  uut  consciousuesB  is  possessed  by  all  animals 
it  is  im|w»ss[ble  to  say.  In  onr:?elve.s  we  know  that  it  exists,  and  we  have 
convincing  evidence,  from  their  actions,  that  it  is  j)03sesse<i  by  many  of  the 
higher  animals.  But  as  we  descend  in  the  s(^le  of  animal  forms  the  evidence 
becomes  less  imprt!ssive.  It  is  true  tliat  even  the  simpK-st  forms  of  animal 
life  exhibit  re:ictious  of  an  apparently  piirj>osefnl  churactcr  whigh  some  have 
explained  n}K)n  the  simple  assumption  that  these  animals  arc  endowed  with 
consciousness  or  a  |)sychicaJ  jH)wer  of  some  sort.  All  such  reactions,  however, 
may  be  explaintxl,  as  in  the  case  of  n-flcx  actions  from  the  spinal  ct>rd,  u|)on 
purely  mechaiiicid  i>rlnriples,  a-^  the  necessary  resfwnse  of  a  definite  physical 
or  chemical  mechauisni  to  a  definite  stimulus.  To  assume  that  in  all  cases  of 
this  kind  wnscions  pnx!ess*\H  are  involved  amounts  to  making  psychical  activity 
one  of  the  universal  and  |)rirnitive  properties  of  protoplasm  whetlier  animal 
or  vegetable,  and  indee*l  by  the  same  kind  of  reasoning  there  would  seem  to 
l>e  no  logical  obje<'tion  to  extending  the  pntperty  to  nil  matter  whether  living 
or  dead.  All  such  views  are  of  course  purely  sijcculative.  As  a  matter  of 
fact  we  liave  no  menus  of  proving  or  disproving,  in  a  scientiGc  sense,  the  exis^ 
euce  of  consciijusness  in  lower  forms  of  life.  To  quote  an  appropriate  remark 
of  Huxley  s  made  in  discussing  this  same  point  with  refereni-e  to  the  crayfish, 
**  Nothing  short  f»f  being  a  crayfish  would  give  us  p)sitive  assurance  that  such 
an  auimnl  possesses  consciousness."  The  study  of  psychical  states  in  our- 
selves, for  reastins  which  liave  been  6Ugge*?ted  above,  docs  not  usually  form 
m  part  of  tl»e  science  of  physiology*.  The  matter  hiis  been  referred  to  iiere 
simply  becjinse  consciousness  is  a  fact  that  our  science  cannot  as  yet  expluin. 

So  far,  some  of  the  bro:ul  principles  of  physiology  have  Ix-en  considered — 
principles  which  are  applicsible  with  more  or  less  UKMJifieatiou  to  all  forms  of 
animal  life  and  which  make  the  basis  of  what  is  known  as  general  ph^'siology. 
It  must  Ik*  borne  in  mind,  however,  that  each  pirticular  organism  possesses 
a  special  physiology  of  itb  own,  which  c^iusists  in  jmrt  in  a  study  of  the 
properties  exhibited  by  the  particular  kinds  or  variations  of  protoplasm 
in  oush  indiviilnal,  and  in  lai*ge  jiart  also  in  a  study  of  the  various  median- 
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Lsms  existing  in  each  anini:il.  In  the  higher  animals,  particularly,  tlio  com- 
biuatioua  of  various  tissues  and  orguus  into  complex  mechaniHius  such  as 
those  of  respiration,  circulation,  dtejestinn,  or  visimi,  diJfL-r  more  or  less  in 
each  group  and  to  a  minor  extent  in  each  individual  of  any  one  species.  It 
follows,  tlicrefore,  that  each  animal  has  a  sfwcial  ]>hysiology  of  its  own,  and 
in  tliis  sense  we  may  .'^peak  of  a  8i>ecial  human  physiology.  It  net?d 
searwly  he  said  that  the  special  physiology  (jf  man  is  very  imperfectly  known. 
Hnoks  like  the  present  one,  which  profe^js  to  treat  of  human  physiology,  eon- 
tain  in  i-etility  a  hirge  amount  of  general  and  special  physiohjgy  that  has 
l>eeu  derived  from  the  study  of  hjwcr  animal  forms  upon  which  exact  expori- 
mentatiou  is  possihU'.  Most  of  our  fuudnuietital  knowlecige  of  the  physiology 
of  the  heart  and  of  musc^Ies  and  nerves  hu.s  i)eea  derived  from  experiments 
upnn  frogs  au<l  similar  animals,  aud  much  of  our  information  ('tmcerniiig  the 
mccimnisrus  of  circulatiou,  digestion,  etc,  lias  been  ohtiuncd  from  a  study  of 
other  nianiraalian  forms.  We  transfer  tliis  knowlalge  to  the  human  l>cing,  and 
in  geuenil  without  serious  error,  since  the  conuention  l>ctween  man  anil  related 
mammalia  is  as  close  on  the  physiological  as  it  is  on  the  niorphologiad  side, 
and  ihe  fundamental  or  general  physiology  of  the  tissues  seems  to  be  every- 
where the  same.  Gradually,  however,  the  uiaterial  for  a  genuine  special 
human  physiology  is  Ixiing  acquired.  In  many  directions  special  investigation 
upon  man  is  pi>ssible;  for  instance,  iu  the  study  of  the  localization  of  function 
in  the  ocrebral  cortex,  or  the  details  of  body  metabolism  as  obtained  by  exam- 
ination of  the  excreta,  or  the  jM^ulrarities  of  vaso-motctr  n^gnlntiun  as  revealed 
by  the  use  of  plethysmograpluc  methoiis,  or  the  pliysiologicul  optics  of  the 
human  eye.  This  special  information,  as  mpidly  as  it  is  obtained,  is  incorpo- 
rated into  the  text-bookH  of  JiuinarT  physiology^  but  the  fact  remains  that  the 
greater  part  of  our  sow'alled  human  physioUtgy  is  founded  upon  experinicut^ 
npou  the  lower  aninals. 

Physiology  as  a  science  is  confessedly  very  imperfect;  it  cannot  compare  in 
exacitness  with  the  sciences  of  physics  antl  cliemistry.  This  conditi*m  of  affairs 
need  excite  no  surprise  when  wc  nHuembcr  the  very  wide  field  that  jdiysiology 
attempts  to  cover,  a  field  co-ordinnte  in  extent  \\\t\\  the  physics  as  well  as  the 
chemistry  of  dead  nuvtter,  and  the  enornious  complexity  and  instability  of  the 
form  of  matter  thut  it  seeks  to  investigate.  The  progress  of  physiol(»gy  is 
therefore  comiiaratively  slow.  The  present  era  seems  to  be  one  mainly  of 
accumulation  of  reliable  data  derived  from  laborious  experiments  aud  obser\'a- 
tions.  The  synthesis  of  these  facts  into  grejit  laws  or  generalisations  is  a  task 
for  the  future.  Corre8|>ondiiig  with  the  diversity  of  the  pmblems  to  be 
solvetl  vce  find  that  the  methods  employed  in  physiological  research  are  mani- 
fold in  character.  Inasmuch  as  animal  organisms  are  com|K)scd  either  of 
single  cells  or  aggregates  of  cells,  it  follows  that  every  anatomi«d  detail  with 
regard  to  the  organization  of  the  cell  itself  or  the  connw^^tiou  between  dif- 
ferent cells,  and  every  advance  in  our  knowledge  of  the  arrangement  of  the 
tissues  and  organs  that  form  the  more  complicated  meclianisms,  is  of  imme- 
diate value  to  physiology.     The  microscopic  anatomy  of  the  cell  (a  branch  of 
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hist<»l«>^'  that  is  frc'qiiently  tlt'sig!mt<*t!  hy  tlic  siK^cific  nanio  of  oytolojry), 
gt'iieml  liitttoiogy,  and  groHH  iinutnnncnl  disscotion  ftrt*  tlaTefuit  tVeqUfntly 
oniplciye<l  in  j)hyfiioloj:ifal  investigations,  and  form  what  may  Ik-  calloil  tht; 
itliMTvational  .sidt;  of  the  st'ionoo.  On  the  other  hand,  we  have  tlieexjtorinuMitnl 
nii'tliodh^  that  soek  to  discover  the  propertio*;  and  funetiomil  relationshi]»s  of 
th«  tissues  and  organH  by  the  use  of  direct  experiments.  These  experiments 
may  l>o  of  a  sui-gical  ciiaractor,  involving  tlit'  extirpation  or  <lesitrnrtion  (»r 
alteration  of  known  part.s  by  operations  upon  the  living  animal,  or  they 
may  oousist  in  the  upplicatitiu  of  the  atxvpted  metliocU  of  ph^'xics  and 
chemistry  to  the  living  organism.  The  physical  methotU  include  tlie  study  of 
the  physical  properties  of  living  nuittc'r  and  the  interpretation  f>f  ii.s  activity 
in  terms  of  known  physical  laws,  and  also  the  use  of  various  kinds  of  physical 
apiniratns  such  a*  manometers,  galvanometers,  etc.  for  recoitling  with  accuracy 
the  phenomena  exhibited  by  living  tissues.  The  chemical  methotis  imply  the 
application  a^  the  synthetic  and  analytic  operations  of  chemistry  to  the  study  of 
the  w>mi>osilion  and  structure  of  living  matter  and  tlie  pnxhicLs  of  its  jictivity. 
The  study  of  the  subjective  phenomena  of  ci:>nsoious  life — in  fact,  the  whole 
question  of  the  psycliic  asjjccts  or  j>rMjx:rtics  of  living  matter — for  reasons 
that  have  been  mentioncil  is  not  usually  included  in  the  science  of  physiol- 
ogy, although  strictly  f*|M'iiking  it  forms  an  integral  part  of  the  subject.  This 
province  of  physiology  iia-*,  lunvever,  been  organize<l  into  a  separate  science, 
psycholog)-,  although  the  Iwuudary  line  between  psychology  as  it  exists  at 
pn^scnt  and  the  scientiKc  physiology  of  the  nervous  system  cannot  always  lie 
sliarply  drawn. 

It  follows  clearly  enough  from  what  has  been  said  of  the  methods  used  in 
animal  physiology  that  even  an  elementary  acspiaintance  with  the  subject  as  a 
ficieuce  requires  some  knowledge  of  general  histology  and  anatomy,  human  as 
well  as  comparative,  of  physics,  and  of  chemistry.  When  this  preliminary 
training  is  lacking,  physiology  cannot  ]>e  taught  as  a  science;  it  becomes 
simply  a  hetcrogenwius  mass  of  facts,  and  fails  to  accomplish  its  function  as  a 
prcfHiration  for  (he  si-icntific  titudy  of  niwlicine.  The  mere  facts  of  physioli>gy 
are  valuable,  tndee<l  iiuUsjKnsadde,  as  a  l>asis  for  the  study  of  the  succeeding 
branches  of  the  mwlical  curriciihitn,  but  in  addition  the  subject,  projierly 
taught,  should  impart  a  scictuitic  discipline  and  an  acquaintance  with  the 
possible  methods  of  expenmental  medicine  ;  for  among  the  so-calletl  exj>eri- 
mcntal  branches  of  medicine  physiology  is  the  most  developc*l  ixnd  the  most 
exact,  ami  serves  as  a  type,  so  far  as  mcthoils  arc  concerned,  to  which  the 
otherfl  must  conform. 


BLOOD  AND  LYMPH. 


BLOOD. 


A.  General  Properties:  Physiology  or  the  Oorpusclbs. 

Thk  LIoikI  of  (be  Ixxly  is  coutaiiiet]  in  n  practioilly  closed  sj'stem  of  tulx^, 
the  blfjod^nntelji,  within  which  it  is  kept  circulating  by  the  force  of  the  heart- 
beat The  blcKKl  is  usually  spoken  of  as  the  nutritive  lii|uid  of  the  bo<ly,  but 
itfl  functions  may  be  stated  more  explicitly,  atthougli  still  in  quite  genenil 
terinn,  by  wiying  that  it  caiTios  to  tJie  tissues  food-stutls  after  they  liuvo  been 
pro|)er!y  pivjMireil  by  the  digestive  organs  j  that  it  tran.sjM)rLs  to  the  ti.ssues 
oxygen  absorbwl  fnmi  the  air  in  the  lungs;  tlmt  it  carries  off  from  tJje  ti&Hues 
various  waste  pmiliicts  fi^nnctl  in  tlit*  priM-essos  of  disa.ssiniilati(H» ;  that  it  is 
tlie  niediuni  fur  thf  tr:instiii^.Hioii  ul'  tlu*  iuternu)  secretion  of  certain  glands; 
and  that  it  aiils  in  oquali/Jng  tlie  tetiiiH^rature  and  water  contents  of  tlie  body. 
It  Is  quite  oljvioits,  rniiii  ihcst*  stutt'iricnts,  tiiat  u  coniph'te  (Ntnsideration  nf 
the  physiological  ivlatiuiis  i>f  the  bltHKl  wunhl  involve  substuntially  a  treat- 
ment of  the  whole  subject  at'  physiology,  li  is  pnijMisetl,  therefon',  in  this 
section  to  treat  the  bhiod  in  a  restricted  way — to  connider  it,  in  fact,  us  a  tissue 
in  itsi'lf,  and  to  study  its  e^iiiiposition  and  pro|k*rties  without  s|>ecial  reference 
to  its  nutritive  relationship  to  other  parts  of  the  InKly. 

Hietological  Stxuctiire. — The  blood  is  compo^^d  of  a  liquid  |>art,  the 
pltinma^  \\\  whicti  H^iiil  a  vast  TUi!iil>er  of  microscopic  l>odios,  the  UfHKi-<.*ov^mn- 
elcn.  There  are  at  leiist  three  difl'eivnt  kinds  of  corpuscU^,  known  rcs|)ectively 
aa  the  red  corpuscles*;  tlic  tehite  corpuscles  (»r  leucocytes,  of  which  in  tuni 
tliere  are  a  number  of  ditlerent  kinds;  and  tlie  blootl-pUtka.  As  the  details 
of  stnictun',  size,  and  number  of  these  corpusch's  l>olong  projKTly  to  text- 
bcNikft  on  histology,  they  will  lie  mentioned  only  incidentally  in  this  section 
when  tr(*aling  of  the  physiologicid  projwrties  of  the  <"orpu»cles.  Blood-plofma, 
when  obtained  free  from  i-orpust'les,  is  |>erfectly  colorless  in  thin  layers — for 
example,  in  microscopic  pre|«inuions ;  when  s(M?n  in  large  quantities  it  shiiws  a 
sliglitly  yellowish  tint,  the  depth  <»f  (xilor  varying  with  diffen^nt  animals.  This 
color  is  due  to  tlio  presence  in  sn»all  quantities  of  a  special  ]iigment,  the  nature 
of  which  is  not  definitely  known.  The  nnl  color  of  bhxxl  is  not  due,  there- 
fore, to  coloration  of  the  blfHrxl-plasma,  but  is  caused  by  the  mass  of  red  cor- 
puscles held  iu  susjM'nsiou  in  tliis  litjuid.  The  proportion  by  bulk  of  plasnui 
to  corpuscles  is  usually  given,  roughly,  as  two  to  one. 

ISltHtd-im'um  mid  Ikfibnuait^il  Bfootl. — In  conne<rtion  with  the  explanation 
of  the  term  **  bl(X)d-plasnia  "  jast  given,  it  will  l>e  convenient  to  define  brietiv 
the  terms  '*  l»liH»d-st'nnn  "  and  '*  de tibrinat**^!  bIo*xl."'  Bluoil,  after  it  escapes 
from  the  vesst-ls,  usnnlly  clots  or  coagulates;  the  nature  of  this  process  is 
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discussed  in  detail  on  \\  01.  The  ok^t,  »s  it  forms,  gradually  shrinks  and 
sf^uwzes  out  a  clear  liquid  t<»  wliich  X\w  natuo  UofHlsentvi  is  given.  Serum 
ivst'uibli's  tlic  pIiiNnm  of  nonnal  h\mn\  in  jt^cnrnil  apjicarann',  l>nt  iliiferH  from 
it  in  cimijMtHition,  as  will  Ik*  ex|)laiiu'<I  lator.  At  pi^esonl  wc  may  say,  by  way 
of  a  preliminary  definition,  that  blotKj-senim  is  the  liquid  jxirt  of  blooil  after 
coflgiilatioii  has  taken  plaw,  as  bloo^l-pla'^mii  is  the  lii[uid  part  uf  bk>od  lx*foiv 
c«agulatiun  has  taken  place.  If  shed  blotJil  is  whippwi  vigfuoiisly  with  a  rwl 
or  some  similar  object  while  it  is  clotting,  the  es*ieiillal  jiart  of  (he  clot — 
namely,  the  fibrin — forms  ditferently  from  what  it  does  when  the  blood  is 
allowed  to  coagulate  qiiit^tly  ;  it  is  de|H>sitetI  in  .shre<^i,s  on  the  whip|)er.  BlootI 
ihat  has  Ijeen  treated  iu  this  way  is  known  as  thf\bnnnk<l  U**ml,  It  i-onsists 
of  blootl-scruni  ])Ius  the  red  and  white  eorpuseles,  and  as  far  as  ap{>eai*ances 
go  it  resembles  exactly  normal  blitod  ;  it  has  hwt,  hnwovcr,  (he  jtower  of  clot- 
ting. A  mon^  complete  defiiiitton  of  thi^e  terms  will  l>e  given  aTtcr  (he  sub- 
ject of  coagulation  has  l>ceri  tivatwl. 

Reaction. — The  ivactit)n  of  blood  is  alkaline^  owiiij^  mainly  to  the  alka- 
line salts,  cspx-ially  the  carbonates  of  soda,  tlis^soivcd  in  the  plasma.  The 
degree  of  alkalinity  varies  with  diiferent  animals:  rei'konetl  as  NhjCXJj,  the 
alkalinity  of  dog*s  blood  LX>n"esponds  to  0.2  jwr  cent,  of  this  salt;  of  human 
blood,  0.35  j)er  cent.  The  alkaline  reaction  of  blixxl  is  very  easily  demon- 
strate*! iijuju  clear  plasnla  fn^o  from  oorpusck-s,  but  with  luirmal  bkuHl  the  retl 
cx>lor  prevents  tlie  direct  application  of  the  Hlmus  test.  A  iiuml)er  of  simple 
devit-'es  have  been  suggested  to  overcome  thi?  diBiculty.  For  exampk%  tlie 
metho<.l  cmployetl  by  Zuntz  is  to  soak  a  strip  of  litmiis-jwiper  in  a  comx'Utraled 
solution  t>f  NaCI,  to  place  ou  this  pa|x?r  a  drop  of  blo<Hi,  and,  atter  a  few 
sw-onds,  to  remove  the  drop  with  a  stream  of  water  %*\'  with  a  pitHH;  nf  filtcr- 
pajMir.  The  alkaline  i-eactton  bewjnies  ra]ti<lly  less  marked  after  the  blood  has 
been  shed ;  it  varies  also  slightly  under  different  eotiditions  of  normal  life 
and  in  certain  pathological  conditiims.  After  mcjds,  for  instance,  during  the 
act  of  digestion,  it  is  said  to  be  increa^cn],  while,  on  the  contrary,  exercise 
causes  a  <limiuution.  In  no  eaae,  however,  does  tlie  reaction  become  acid. 
For  details  of  the  methotls  used  for  quantitative  determinations  of  the  alka- 
linity of  human  kkxHlj  reference  must  l>c  made  to  nriginal  souivcs,' 

Specific  Gravity. — The  sjHM-ific  gravity  of  human  bluud  in  the  adult  male 
may  vary  from  1041  to  1067,  the  avei-age  being  about  1066.  Jones*  made 
a  careful  study  of  the  variations  in  specific  gravity  of  liiimau  blood  under 
diffei-ent  conditions  of  health  and  diseimc,  making  use  of  u  simple  niciliod 
which  re(|uires  only  a  few  drops  of  l)Iootl  for  eueh  determination.  He  found 
that  (he  s|)e<Mfic  gmvity  varies  with  age  and  sex,  that  it  is  dimlui>lietl  after 
eating  and  is  increased  by  exercise,  that  it  falls  slowly  during  the  day  aud 
rises  gradually  during  the  night,  and  that  it  varies  greatly  in  individuals,  "so 
much  so  that  a  speeitic  gravity  which  is  nonnal  fur  one  may  be  a  sign  of  dis- 
ease in  another."     The  specific  giaviiy  of  the  corpuscles  is  slightly  greater 

*  Wright:  The  Lanctty  1897,  p.  8;  Wintemitz:  Zeitachrift  far pUyfiul.  CItemiff  1891,  BJ.  15, 
a  505. 

*Jounai  <if  Fkynoloffy,  1891^  voL  xii.,  [i.  299. 


BLOOD. 


36 


tliau  that  of  the  plasma.  For  this  rea£ou  tlie  corpuscles  hi  shed  blixHl,  whvii 
i(3  coagulutiou  is  prevented  or  retaitlwi,  tend  to  settle  to  the  bottom  of  the 
contuiuing  utensil,  leaving  a  more  or  less  elwir  layer  of  si]|K'rnfitant  plit^ma. 
Among  themselves,  alsj,  liie  oorpiiscles  ditl'er  slightly  in  b|jecific  gravitVj  the 
red  corpuscles  being  heaviest  and  tlie  blood-plates  being  lightest. 

B«d  Corpuscles. — The  re<^l  cf)rpa*icle.s  in  man  and  in  all  the  mannniilia, 
with  the  exception  ol"  the  ciimel  and  other  menilMM's  of  tiie  grtuip  ('anielidie, 
are  bicoucuve  circular  disks  without  uuelei ;  in  the  Caiuelida:  they  have  an 
elliptical  form.  Their  average  diameter  in  man  is  given  a.«  7,7/i  (l/i —  0.001 
of  a  mm.);  their  number,  vvhieh  is  usually  reckoned  a.s  so  many  in  a  cubic 
millimeter,  varies  greatly  utider  diifiTcnt  conditions  of  health  and  di.sensc. 
The  average  numl>er  is  given  its  5»OCMj,00<J  |K'r  cubic  mm.  for  Dialer  and 
4,50*),(XK)  for  females.  The  red  color  of  llic  corpuscles  is  due  to  the  presence 
in  them  of  a  pigment  known  as  **  haemoglobin.''  Owing  to  the  minute  size 
of  the  corpuscles,  their  color  when  seen  singly  under  the  microscNipe  is  a 
faint  yellowish-reil,  but  when  seen  in  ma.*»  they  exhibit  the  well-known 
blood-reil  tx>lor,  which  varies  fixtm  H-*ui'let  in  arterial  LKmhI  to  purplish-red 
in  venou.4  blood,  this  variation  in  color  being  dependent  ujmu  the  amount  of 
oxy^^-n  eontaineil  in  the  1:>Io<kI  in  i^nnbination  with  the  haMni>globin.  Sjieaking 
generally^  the  function  of  the  red  corpuscles  i.s  to  carrj-  oxygen  frc»ra  the  lungs 
to  the  tissues.  This  function  is  entirely  dependent  upon  the  presence  of 
hiemoglobiii,  which  has  the  jiower  of  combining  ciLsily  with  oxygen  gas.  The 
physiology  of  the  re<l  corpuscles,  therefore,  is  largely  tx)ntaiuixl  in  a  description 
of  the  properties  of  hjemoglobiii. 

Condition  of  the  Hsemoglobin  in  the  Corpuscle. — The  finer  stmenu'e 
of  tiie  red  cfirpuHcIe  Is  not  ctjmpletely  know^i.  It  is  ciimmonly  l*elieved  that 
tlie  cor|*u.si."le  (consists  of  two  >ubstances — a  delioUe,  extensible,  colorless  pro- 
toplasmic material,  which  gives  to  the  corpus^^le  its  shape  and  which  is  known 
as  the  sU'oma^  and  tin-  hiemoglobin.  The  latter  constitutes  the  bulk  of  the  cor- 
pU!^cle,  forming  as  mui*h  as  95  j)er  cent,  of  the  si^illd  matter.  Tt  w:i.s  formerly 
thought  that  hsemogjobin  is  disseminated  as  huch  in  the  interstice<^  of  tlie 
porous  s|>ongy  stroma,  but  there  seem  to  lie  ri^asons  now  for  Ix'lievinjj  tlmt 
it  is  present  in  thii  <t)rpuscles  in  MJine  c<imbination  the  nature  of  which  is 
not  fully  known.  This  belief  is  based  ujm^u  the  fact  that  Hop{x*-Seyler '  has 
shown  that  ha?mogk»bin  while  in  the  corpuscles  exhibits  certain  minor  differ- 
ences in  properties  as  coni|>iu*e<l  with  ha'mr>globin  outside  the  corpuscles.  In 
various  ways  the  c<»mjHiund  of  huMuoglobin  in  the  corpuscles  may  l>e  (iestrovwl, 
the  hfemoghfbin  being  set  free  and  inssing  into  solution  in  the  pliLsma.  Blood 
in  which  this  change  has  occurretl  is  altei'ed  in  color  and  is  known  as  '*  laky 
blootl."  In  thin  layers  it  is  ti-uns]>arent,  wherciis  normal  blood  with  the 
hffimoglubin  still  in  the  corpuscles  is  quite  o[ia(]ue  even  in  very  thin  strata. 
Blood  may  be  made  laky  by  tlie  addition  of  ether,  of  chloroibrin,  of  bile  or 
the  bile  acids,  of  the  serum  of  other  animals,  by  an  excess  of  water,  by 
alternately  freezing  and  thawing,  an<l  by  a  number  of  other  methods.  In 
connection  with  two  of  these  methiKls  of  discharging  hiemoglobin  from  the 
^  ZeiUchri/t  fur  phjfMoloywAe  ClUniV,  ltd.  xiii..  18ft9.  S.  477. 


AS  A Jf ERICAS    TEXTBOOK  OF  PHYSIOLOGY, 


oorpascks  tbeie  hav«  come  into  rise  iu  eorrent  medical  aiid  physiologicul 
literature  two  rechnical  fcemis  which  it  may  be  well  to  attempt  to  define. 

GlobuHadal  Action  of  Srnan. — It  wns  shown  first  by  Lanclnis  that  the 
serata  of  one  animal  may  have  the  property  of  flestroying  the  re^l  corpui^cles 
in  the  bhtod  of  another  animal,  thus  making  the  blood  laky.  This  fact,  wliiuh 
liafi  since  been  inv«^;tigate<l  more  fully,  is  now  dosijniated  under  the  term  of 
"  gIobuIiei<lal  "  a<^-tion  of  the  serum.  It  hns  been  fuund  that  different  kinds  of 
serum  show  different  degrees  of  globulicidal  activity,  and  tJiat  white  as  well  as 
red  eoquiwles  may  be  defitroyeil.  Di>ji's  scrum  or  human  serum  is  ^tiYjiigly 
globulicidal  to  rabbit'^  bhxKl.  It  would  seem  that  thi^  action  is  not  due  to 
mere  variations  in  the  amounts  of  inorganic  salts  in  the  different  kinds  of 
serum,  since  the  remarkable  fact  lias  been  discovered  that  heating  serum  to 
55°  or  60°  C.  for  a  few  minutes  dtt^lrnys  its  globulicidal  action,  nlthttugh  such 
treatment  caii*»es  no  coagulation  of  the  proteids  nor  any  visible  change  in  the 
liquid.  Moreover,  it  is  known  that  foreign  serum  injectc<l  into  the  veins  of  a 
living  animal  may  exert  a  marked  toxic  effect  that  cannot  be  explaine<] 
solely  by  it>*  globulicidal  action  —for  instance,  7  to  14  c.c.  of  fre&h  dog's  serum 
will  suffice  to  kill  a  rabbit — and  lastly,  serum  is  known  to  exert  a  similar 
destructive  effect  on  bacteria,  it.s  8<M'all(Hl  bactericidal  action.  Th(»se  three 
effects  of  serum,  globulicidal,  bactericidal  and  toxic,  seem  all  to  be  destroyed 
by  heating  to  50°-60°  C,  and  it  is  possible  that  they  are  all  tratxiible  to  the 
existence  in  the  blomi  of  some  proteid  substance,  an  alcxlne,  which  is  present 
in  small  ipiantity  and  is  diffL-ront  for  eacii  spfcies  of  auinial,  the  materiid 
in  die  hlo«Ni  of  one  species  being  more  or  less  globulicidal  and  toxic,  a^a  rule> 
to  the  tissues  of  another  Ppreies.' 

hMonic  Soiationa. — When  blood  or  dcribrinnted  l»ioo*l  is  dilutcfl  with 
water,  a  point  is  soon  reached  at  which  luetnoirloUin  Ix-gins  tti  jiass  out  of  the 
oorpusclc^  into  the  plasuui  or  the  serum,  and  (lie  bliKxl  begins  to  appear  laky. 
It  appears  that  the  liqulil  surrounding  ilu*  corpusi'les  must  have  a  certain 
concentratiftn  as  regards  salt^  or  otln  r  snliilili' substances,  such  as  sugar,  in 
or*lcr  to  prevent  the  entranne  <if  wjitcr  into  the  '^iibstnnce  of  the  corpuscle. 
Normallv  the  Hul)stance  of  t!ie  red  cur[Mi?>rle  |Misscs.-e8  a  certain  o?imotic 
pn'ssure  which  may  be  supposed  to  be  o(|iial  to  that  of  the  plasma  by  which 
it  18  surroundciJ,  so  that  tin*  iuti  rrhanLre  of  water  between  tliem  is  al  an 
equilibrium.  If  the  (!oncenlratioti  of  t!ie  ontsiile  liijiiid  is  lUiuinislKMlj  this 
eijuilihrium  is  destmyed  and  water  passes  into  the  eorpusele;  if  the  dilution 
has  been  sufficient,  enough  water  jiasses  into  tlie  corjuiscle  to  make  it  swell 
and  eventually  to  force  out  the  hiemogktbin.  Liqui<ls  eontiiiiiin^r  inortranic  sjilts, 
or  other  stiluble  suliManecs  that  possess  an  usniotie  pressun*  suHieient  to  pre- 
vent the  iinbihitiiin  of  water  by  the  cor[)nseles,  are  said  t<>  be  "  isotonic  to  the 
corpuscles."  Red  cor|)uscl(*s  suspendcil  in  such  lifpiids  do  not  change  in  shape 
nor  hwe  their  haemoglobin.  When  soUiti4uis  of  dill'erent  "substances  are  com- 
pared from  this  standpoint,  it  is  founil  rliat  tlie  eoncentrati<ai  i»ecessary  varies 
with  the  substance  U8e<b  Thus,  a  solution  of  NaCl  of  0.(54  per  cent,  is  isotonic 

^  K«ir  H  rwi-nl  (niper  jui«I  ilit*  liU'mliire  see  FriwKnllml  anti  lA'wanilowHky,  Arehiv  Jur  P^»- 
iotofjie,  1890,  «.  531. 


BLOOD, 


37 


yni\\  a  solution  of  sii^ar  t»f  5.0  prr  rent,  or  a  soltUioii  of  KXO,  of  1.09  per 
cent.  When  plaotni  in  any  of  these  three  solutions  red  coq^nscles  ih»  not 
tako  up  water — at  Iett!»t  not  in  ijuuntities  enflicient  to  discharge  the  ha*nK>- 
ghibin.  For  a  more  (xjmplete  a(*count  of  these  n.'lations  the  render  1*  referred 
to  original  gourees  (Ilanihuri^er').  A  solution  whoM*  itnniotie  prc»ssure  is 
lower  than  that  of  bltHxl-pIasraa  is  said  to  be  hyp«>-i;4otonic  or  hypotonie  Xo 
bUKMJ.  Su4'h  soluljinis  uiiiy  rnii-f  the  UUmmI  1i>  hike.  Solutions  of  a  liiglier 
Oi^aiotie  ]>re.ssure  thuii  liiat  id*  the  plasma  arr  s[Hikeu  of  as  hyiKT-isotonie  or 
Iiypertonie.  Whenever  it  is  necessary  to  diluU?  shed  bUxnl  or  to  inject  any 
fpiantiiy  *>f  a  luuinil  liquid  into  the  etreulation  care  nint«t  be  taken  to  have 
ihr  sohiiiou  istttonie  with  tlie  blood.  (See  p.  65  for  an  explanation  of  the 
tcnu  osniotic  pressure.) 

Nature  and  Amount  of  Haemoglobin, — Hicmo|^lobin  is  a  verj'  complex 
gulistanre  belt>ug:int:  to  the  ^roup  of  oonibined  pn>teids.  (For  the  definition 
and  elassiHeation  of  prot^'ids,  afi  well  as  for  the  purely  ehemieal  properties  of 
ba?nio^hibin  and  its  derivatives,  n'fereuee  must  lie  made  tu  tlie  section  on  *'The 
Chemistry  i>f  the  rW»dy/')  Wlicu  defoniposed  in  various  ways  haemoglobin 
hreakii  np  into  a  proteid  (globin,Hfi  tof<(j  jht  cent.),  a  simpler  pigment  (haema- 
tin,  4  p<'r  cent.),  and  an  unknown  residue.'  When  the  decom]M)sition  takes 
|»hur  in  the  abBenre  of  oxygen,  the  pnxluots  formed  are  globin  and  hffimo- 
chromogen,  instead  of  globin  and  luematiu.  Hienuxhromogen  in  the  presence 
of  oxygen  qui<'kly  undergo«*s  oxidation  to  the  more  stable  Iwematin.  Ho]»pe- 
Scvler  has  shown  that  InrnuK'hnuuoiren  ]M»ssessrs  the  ehemieal  gniiijiing  wliieh 
gives  to  hannnglobin  its  pnwrr  of  cnrubiuing  readily  with  oxygen  and  its 
distinctive  nbsor|>tion  spectrum.  On  the  basis  of  facts  such  as  these,  hremo- 
globin  mav  be  defined  as  a  compound  of  a  pmteid  l>oiIy  with  ha?moehn>!ni>gen. 
It  seems,  tlien^  that  although  the  hu«miK'hroniogcn  |Mirtiuu  is  the  essential 
thing,  giving  to  the  molecule  of  haemoglobin  its  valuable  physiological  pn»|>- 
I'rties  as  a  respirator^'  pigment,  yet  in  the  blood-coq>u9cles  this  substance  is 
inrorpoi-iitcd  into  the  much  largcT  and  more  unstable  molecule  of  hirmoglobin, 
wIhisc  behavi(>r  towanl  oxygen  is  ditferent  froni  that  of  the  luemo<hroniogen 
itself,  the  difference  being  mainly  in  the  fact  that  the  hwmoglobin  as  it  exists 
in  the  corpuscles  forms  with  oxygeu  a  comparatively  feeble  combination  that 
may  be  l>rok(  n  up  n*udily  with  libenition  of  the  gas. 

Hsmoglobiu  is  widely  distributed  throughout  the  animal  kingdom,  being 
found  in  the  bKuxl-iorpuscles  of  utamimiliu,  biinls,  reptiles,  amphibia,  and 
fishes,  and  in  the  bltsxl  or  blo*xl-ciu*puseles  of  many  of  tlie  invertebrates. 
The  corn|M»sitiou  of  its  molecule  is  found  to  vary  somewhat  iu  diflerent  animals, 
so  that,  strictly  sjx'akiug,  there  are  probably  a  number  of  different  forms 
of  luemoglobin — all,  however,  closely  relnt^-d  in  chemicjd  and  physioK^ical 
pnti>erties.  Elcmeutaiy  analysis  of  dog's  hwmoglobin  shows  the  following 
pciirntage  wmpoeition  (Jaquet) :  C  53.91,  H  6.62,  N  15.98,  S  0.542, 
Fe  0..3.33,  O  22.02.  Its  mf)lecular  formula  is  given  as  ^r^^x^a^i^^TeO.^^, 
which  would  make  the  molecular  weight  10,069.    Other  estimate's  arc  given  of 

*  Du  Boin-Keyniomfs  Arehirjir  /^ynWo^V,  Ifigrt,  8.  476;  1887,  S.  81. 

*  See  Scbnlx,  ZeiUehn/l/Or  phyaiot  Oumie,  bd.  24 ;  bIbo  Launw,  ibid^  Bd.  26. 
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the  molecular  foriTHilii,  Imt  they  ai^rcc  at  lea^st  iit  showing  that  tin*  molecule 
isof  enonnoussize.  'Vhv  nioh*tMilnr  tonniila  for  hajinochromogen  is  miicU  sim- 
pler :  line  e?;*iinjitt'  iiuiivL's  it  C^iH.;,iN4FeO^.  Tin*  f^xact  uuioimt  of  hiLMiiogl^jbin 
ill  hutiiati  bIrHj<l  v!ii-i*.*s  iKilHrallv  witli  thi?  iniliviJual  and  with  dilTcrent  t-omii- 
tions  of  life.  Acoarding  to  Preyer,^  the  average  amount  for  the  adult  male  is 
14  grams  of  hrpniojrlobiu  to  each  KH)  grams  of  liloijd.  It  is  estimatoil  that  in 
th**  Idood  of  a  man  wein^hing  68  kilos,  there  are  containe<l  alwut  750  gmmf*  of 
luenntglobiii,  \\\\\A\  is  distributed  among  some  twenty-five  trillions  of  eorpusclej^, 
giving  a  total  Hujwriieial  area  of  alxint  3200  square  meters.  Practically  all  of 
this  large  yurniee  of  htEmogln])in  is  availalile  for  the  al_>sor[>tinri  of  oxygen 
from  the  air  in  the  lungs^  for,  owing  to  the  great  uund>ur  and  the  minute 
size  of  the  capillaries,  the  blotnl,  in  pasijing  through  a  capillary  area,  bectmiefl 
sulKlivided  to  snoh  an  extent  tliat  the  red  eorpiiscfes  stivnni  Through  the  capil- 
larieSj  one  may  say,  in  single  file.  lu  circulating  through  the  lungs,  iheicfurej 
each  coii>usclc  liecomes  exjKtsed  more  or  less  comi>letelY  to  the  action  of  the 
air,  and  the  utilization  of  the  entire  quantity  of  liicmog[obin  nutst  be  nearly 
j>erfect.  Jt  may  be  worth  while  to  call  attention  to  tfic  fact  thut  the  biconciive 
ft>rm  of  the  red  corpuscle  increases  the  superficies  of  the  corpuscle  and  tends 
to  make  the  surface  exposure  of  the  haemoglobin  more  complete. 

Compounds  with  Oxygen  and  other  Gases. — ^Hsenniglobin  has  the 
proi^rty  of  uniting  with  oxygen  gas  in  (.Njrtain  definite  pi-oportions^  forming  a 
true  cliemical  compound.  Tliis  compound  is  known  as  oxifhimiofffobin ; 
It  is  formed  whenever  b!oo<l  or  Ih-emoglobin  solutions  are  ex|>oscd  to  air  or 
otherwise  bniugbt  inl^i  contact  with  oxygen.  Ea^-h  molecule  of  Inetuoghjbin 
is  supposed  to  combine  with  one  molecule  of  oxygen,  and  it  \&  usually  estimated 
that  1  gram  of  dried  hiemoglobin  (dog)  can  take  up  IJ^^)  c.c.  of  oxygen 
measured  at  0^  <_\  and  760  mm.  of  barometric  presstire,  altliough  according 
to  a  later  dctcrminatiiin  by  Hiifner.^  th(?  O-ciipacity  uf  the  Hb  of  ox's  blood 
is  only  \M  e.c.  O  to  each  gram  of  Hh.  Oxyha'rniigjobiu  is  not  a  very  firm 
compound.  If  placed  iti  an  atniosphcrc  containing  no  (»xygen,  it  will  be 
dissf^ciated,  giving  off*  free  oxygen  and  leaving  behind  hemoglobin,  or,  as 
it  is  often  calkni  by  way  of  distinction,  **  rvdttccd  htnmtf/fohitt,"  This  [Miwer 
of  combining  with  oxygen  to  form  a  lonse  chemical  coiu|x»und,  which 
in  turn  can  lie  dissociated  easily  when  the  oxygcii-pressnre  is  lowered, 
makes  possible  the  fimelion  of  hpemogloliin  in  the  hloiid  as  the  carrier 
of  oxygen  from  the  lungs  to  the  tissues.  The  details  of  this  process  are 
described  in  the  section  on  Respimtiou.  Hieinoglobin  forms  with  carbon- 
monoxide  gas  (CO)  a  I'onipotind,  stn)t1ar  to  oxyhjemoj^lobln,  whicli  is 
kn<twn  as  carhnn'motiOJCide  ha'tmnjloh'm.  In  this  cvmipound  aNo  the  union 
take^i  place  in  (lie  proixtrtii^n  of  one  molecule  of  haMuoglobin  to  one 
molecule  of  the  gas.  The  corap<jund  formed  differs,  however,  from  oxy- 
hfenioglobin  in  In-ing  much  nuirc  stabU',  and  it  is  for  this  reasnn  that  rlie 
brwLthing  of  carbon  monoxide  gas  \s  liable  to  prove  fatal.  The  (.'O  unites 
with  the  ha-nioglobin,  forming  a  firm  mmjxnind;  the  tissues  of  the  body  are 

»  Die  Hlu/kryHtnilr,  Jpob,  1871. 

'  Arehiv/iir  k^kysiologit,  1894,  8.  13a 
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thereby  prevented  from  obtaining  their  neeefisarv  axygeii,  and  death  rcf:nlts 
from  sutfocation  <*r  aspliyxia.  Carbon  monoxide  forms  one  of  the  constituents 
itf  cojil-^3.  The  w«^ll-kuovvn  fatal  effect  of  hrenlldnp^  coiil-gas  ff>rsnnie  time, 
as  in  the  case  of  individuals  Bleepini;  iti  a  ro(>rii  where  gas  is  eseaping,  is  trace- 
able directly  to  the  carbon  niotiiixide.  Nitric  oxide  (NO)  forms  also  with 
ha?moglobin  a  definite  conipuund  that  is  even  more  stable  than  tlie  CO- 
biemoglobin;  if,  thereiore,  this  gas  were  brought  into  contact  with  the  blood, 
it  wtmld  cauH*?  death  in   the  siime   way  as  the  i\). 

Oxyhiemoglobin,  carlKjn-monoxide  hjenioglobin,  and  nitrio-oxide  hromnglo 
bin  are  similar  coni|Kinnds.  ¥a\c\\  is  formed,  upjknreiillvjiv  a  definite  combina- 
tion oi"  the  gas  willi  the  liaMJUH-lirninogeti  |joiiiiin  of  ihe  iiienioghibiii  nioU'cide, 
and  a  given  weight  <jf  liienioglobin  unites  presumalily  with  :in  equal  volume  of 
each  gas.  In  mnrked  njuttast  to  tlies4?  facts,  Hi:)hr'  lias  shown  that  hieni()glol>in 
forms  a  compinnul  with  rjirbon-tliijxide  gns,  cfirhn-Inf  umf/fobhi,  in  \v}ii<'li  (lie 
quantitative  relaticnisliip  of  the  gns  to  tiic  htemoglobiu  ditlers  from  llmt  :^howu 
by  oxygen.  In  a  mixture  of  O  and  CO^  each  gas  is  absorlM"*]  by  ha^tnughdnn 
solutions  independently  of  the  other,  so  that  a  solution  *)t'  hiemoglobin  nearly 
saturated  with  oxygen  can  unite  with  as  much  f'O^as  thougli  it  held  no  oxygen 
in  combination.  Bohr  sugget-ts,  therefore^  that  the  O  and  the  C(\  must  unite 
with  difierent  ])ortionsof  theluemoglubin — the  oxygen  with  the  pigment  ^wirtion, 
the  Inenim-hromogen,  and  ihe  CO^  pos^sibly  with  the  proteid  p(»rtion.  It  seems 
probable  that  haemoglobin  plays  a  jiart  in  tlie  transporliou  of  the  carlMin 
dioxide  as  well  as  the  oxygen  <if  the  hlrHid,  l)Ut  its  exact  value  in  this  respect 
as  otmijwircd  with  the  bloml-plasnm,  which  iilsi)  acts  its  a  carrior  of  CO3,  has 
not  been  definitely  <leterminefl  (sec  Respiration). 

Presence  of  Iron  in  the  Molecule. — It  is  prol>able  tljat  iron  is  quite 
generallv  present  in  the  animal  tissues  in  connection  with  imclcin  eoinptuuds, 
but  its  existence  in  haemoglobin  is  noteworthy  because  it  has  long  been  known 
and  because  the  iniportarit  property  of  combining  with  oxygen  seems  to  Ije 
connected  with  tlie  presence  of  this  clement.  According  to  the  analyses 
made,  the  proportion  of  iron  in  hajnioglobin  varies  somewhat  in  different 
aniuials  :  the  figures  given  are  from  0.335  to  0.47  jier  cent.  The  amount  r»f 
ha?m(^lobin  in  bhnKl  may  l>e  detefmined,  therefore,  by  ntakiug  a  quantitative 
determination  of  tlie  iron.  The  amount  of  oxygen  with  wliich  hiemogh)biu 
will  combine  may  be  expressed  by  saying  that  one  molecule  of  oxygen  will 
bt*  fixw]  fur  each  atom  of  iron  in  the  haemoglobin  molecule.  In  the  dccf»m- 
pdsition  of  luemoglobin  into  gloliulin  atnl  loematin»  which  has  been  spokeJi  of 
above,  the  iron  is  retaine<l  in  the  htematin. 

CrystaJs.^ — ^Hafriinghibin  may  be  obtjiincd  n^idtly  in  the  form  of  cnstals 
(Fig.  1).  As  usually  pix'i»are<l,  these  crystals  are  really  oxylja^moghibin,  but 
it  has  l>eon  shown  that  reduced  hsemoglobin  also  crystallizes,  although  with 
more  difficulty.  Hiemoglobin  fii>m  the  blood  of  dlHert^nt  animals  varies  to  a 
markeil  degi*ee  in  rcsj^ect  to  the  j>owcr  of  crystallizaliou.  From  the  liluotl  of 
the  rat,  dog,  cat,  gu[n«i-pig,  ami  hoi-se,  crystals  are  ivadily  obtained,  while 
haemoglobin  from  tlie  blood  of  man  and  of  most  of  the  vertebrates  crystallizes 

*  Skandivttvixkes  Archir  fur  Phyaioloyit,  I81^2,  Bd.  3,  S.  47. 
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iiiiK'h  less  easily.  Methtxls  for  prt^pariu^  au<l  purifying  tlieso  on-stalrt  will  he 
found  iu  works  on  Physi(>logicnI  Cberairttry.  To  obtain  sptcinieas  quickly 
for  examination  un<lt?r  the  iiiitToscopo,  one  of  the  most  certain  nictlitwls  is 
to  lake  some  blood  frotn  one  of  tlio  animals  whose  liteiuuglobiu  erv.Htnllizea 

easily,  place  it  in  a  test-tube,  add  to  it  a  few 
tlr<ijis  (il'ether,  shake  thr  lulm-  thoroughly 
until  tlie  bhjixl  lxi:ojnt^  laky — tliat  is, 
until  the  hienioglohiii  Is  discharged  into 
the  plasma — and  then  ]>hu>e  the  tul>e 
ou  ice  until  the  tTystals  are  deposited. 
Small  jx)rtion9  of  the  crystalline  »e<li- 
ment  may  then  l>e  removed  to  a  gla^ 
.slide  for  examination.  Hiemoglobin 
from  ditlerent  auiiuuLs  vnries  not  only 
as  to  the  eaj3€  with  which  it  crystal- 
lizes, but  in  some  cases'  also  as  to  the 
form  that  the  crystals  take.  In  man 
uud  in  most  of  the  mainuiulia  hemoglo- 
bin is  deposited  in  the  (brni  of  rhom- 
bic prisms;  in  <lie  giitnea-))ig  it  erys- 
tallizes  in  tetrahe<lra  (fi.  Fig.  1),  and 
in  the  stjnirrel  in  hexagnnid  plates.  The 
crystals  are  readily  scvlnble  in  water,  and 
by  rejMMitjod  er\'stalHziiti(»ns  the  hiemo- 
globin may  be  obtaineil  ^K-rlcetly  pui*e. 
As  in  the  case  ctf  other  soluble  proteid- 
like  botlies,  sohilicins  of  luemoglobin  are 
preeipitatL'd  by  aleohol,  by  minend  acids, 
by  salts  of  tlie  hoavy  metals,  by  boiling, 
etc.  Notwithstanding  the  fact  that  htemifglobin  <-rystalliz(s  so  n\idily,  it  is  not 
easily  dialyzable,  behaving  in  this  res[K'ct  like  proteids  aud  other  eolloiilal 
bodice.  The  compounds  which  liaMuoglobin  forms  wilh  e:ul)on  monoxide 
(CO)  aud  nitric  oxide  (NO)  are  aU:)  crystalliirable,  the  crystals  lieing  isomor- 
phous  with  those  of  oxyhfcmoglobin. 

Absorption  Spectra. — Soluti4)ns  of  hiemoglobin  and  its  derivative  com- 
|x>unds,  when  examined  with  a  sp^'troseope,  give  distinctive  absorption  Ixmds. 
A  brief  account  of  the  prineiple  and  arrangement  of  the  8[>eetro8cope,  although 
anneccfisary  for  those  lamiliar  with  tlte  elements  of  Physics,  is  given  by  way 
of  intixuluelion  to  the  description  of  thef=e  abs<ir]vtion  bands. 

Light,  when  made  to  piisa  through  a  glass  prism,  U  broken  up  Into  its  conBtituenl 
rays,  giving  the  pUy  of  niiiibow  colore  known  hs  the  fj)ertrnm.  A  spectrosj^ope  in 
an  apparatus  for  producing  aud  ab*iervinp  a  spectrum.  A  Himpte  form,  which  illus- 
tratet*  rtufficiently  well  the  construction  of  the  apparatu«,  is  nhown  in  Figure  2,  r 
being  the  glas?  priam  ^nring  the  f^pectnim.  Light  falls  upon  thi»  prism  through 
the  tube  (a)  to  the  left,  known  an  the  "  eoMimator  tuho."  A  tilit  at  the  end  of  this 
tube  (8)  admits  n  narrow  slice  of  lipht — lamplight  or  sunlight — which  tlien,  by 
means  of  a  convex  lens  at  the  other  end  of  the  tube,  is  made  to  fall  upon  the  prism 


Fio.  l.-CryBtaUI»ed  htemog^lobln  (after  Frey) : 
a,  b,  crystals  tram  venous  bl'^d  of  inun :  r,  trom 
the  blu4>d  i*r  n  r&i;  d,  fnim  the  blood  uf  a 
galnea-pl^:  e,  frotn  the  hltiocl  of  a  hamster;/, 
fVom  the  blood  of  u  Hqiilrrel. 
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(p)  with  its  rays  parallel.    la  passing  through  the  prism  the  rays  are  dispersed  by 

unequal  refraction,  giving  a  ^pet'trum.  The  spectrtini  thus  produced  is  examined  by 
the  observer  with  the  aid  of  the  teleacojie  (b).  When  the  telescope  is  properly  focuaaed 
for  the  rays  entering  it  from  the  pri«m  (P),  a  clear  picture  of  the  spectrum  i«  seen.  The 
length  of  the  spectrum  will  depend  uj>i>n  the  nature  and  the  number  nf  prisniH  through 
which  the  light  ia  made  to  pan:*.  For  ordiiuirr  purposes  fi  8horl  ^]H-etruMi  is  preferable 
for  hiemogliibin  bands,  and  a  apectroseope  with  one  prism  is  generally  used.  If  the 
source  of  light  is  a  lamp-flame  of  some  kind,  the  spectrum  is  continuous^  the  colors 
gradually  merging  one  into  another  fr<im  red  to  violet.  If  sunlight  is  used,  the  Hpectrum 
will  be  crofwed  by  a  number  of  narrow  dark  Hues  known  a.s  the '*  Fraunhofer  lines" 


F((i.  2.— Spectroscope :  p.  the  glaiu  prlain  ;  h,  the  colllmfttor  tube,  ibowing  the  allt  (n)  through  which  the 
light  is  EdraUted ;  B.  the  telescope  for  obwrrlng  the  spectrum. 

•(aoc  PI.  I. ,  Froutisjurcf,  for  nn  illustration  in  colors  of  the  solar  spectrum).  The  position  of 
these liuetj  in  the  Miliir^jicctrum  i»  tixt'd,  and  the  mure  distinct  utics  are  designated  by  lettern 
of  the  ulphalu!t,  a,  b,  C,  n,  E,  etc.,  as  hIiowu  in  the  charts  below.  If  while  using  solar 
light  or  an  artificial  light  a  solution  of  any  sulHtancc  which  gives  alworption  bands  is 
so  placed  in  front  of  the  slit  that  the  light  is  obliged  to  traverse  it,  the  Ftpectrun:i  as 
observed  thruugh  the  telescope  will  show  one  or  more  narrow  or  broad  black  bandw, 
tliat  are  clinrarteristic  of  the  substance  used  and  constitute  it--  ubf^orjitiuu  f^juHlrum.  The 
positions  of  these  hands  may  be  designated  by  describing  their  relation.^  to  the  Fraun- 
hofer  lines,  or  more  directly  by  staling  tlie  wave-lengths  of  Ihf  portionj^  of  the  spectrum 
between  which  ab;*orplton  takes  place.  Some  spectroscopes  are  provided  with  a  scale 
of  wave-lengths  superposed  on  the  spectrum,  and  when  properly  adjusted  thts  scale 
enables  one  to  read  off  directly  the  wave-lengths  of  any  part  of  the  spectrum. 

T\Tien  very  dilute  solutions  of  oxylifeinoglobin  are  examined  with  the 

fippcttfiscroiM',  two  jihsorption  liatuls  appi'iir,  both  rHrnrrin*^  in  the  |x»rtion  of 
the  spLrtniin  ijieliiiletl  betwcini  the  FrauuhoftT  liru-s  n  and  E.  The  band 
nearer  the  red  end  of  the  spectrum  is  known  as  the  "  «-ljand  ;"  it  is  narrower, 
darker,  and  more  rlcnrly  dtifinod  limn  tfio  other,  tbo  *\9-biind  *'  (Fig.  3,  and 
also  PI.  T.  Hjwutfian  4).  With  a  sohttinn  ixiiituiniiijjj  0.0^)  |x'r  (rut.  of  <»xy- 
basmoglohin,  ami  examined  in  layers  one  ecntimt?ter  thick,  the  a-band  extends 
►over  the   pari   of  the  spectrum   inclndetl    between  the   wave-lengths  X  583 
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(583  millioiiths  of  a  millimeter)  and  X  571,  and  the  /9-band  between  ?,  ooO  and 
k  51)2  (Ganigee).  The  width  and  distiuctness  of  the  Iwinds  vary  naturally 
with  the  fonwiitration  of  the  st»liition  used  (see  PI.  I.  spectra  2,  3,  4,  and  5)^ 
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Fig.  3.— Diagrammatio  reprcwiitatlon  of  thu  ah»urptinn  Kpeetrum  of  oxylin-'inoglohln  (after  Rolletn. 
The  numemlB  give  Uie  wavc-leni^hs  In  hundrud-thousandtLs  of  a  mlUiuieur :  the  IcltvrE  show  Die 
piNtUluiiH  of  ihe  niorv  pruminuut  Fraunbnfer  lines  of  the  eolar  sp^cirum.  The  red  end  of  the  spvclrum 
Is  to  the  led.    The  a-baiid  Is  tu  the  right  of  d,  the  ^-band  to  Ih^  h-H  of  e. 

or,  if  the  ooucentratioii  remains  tlie  same,  with  the  width  of  the  ptratuni  of 
liquid  through  whicli  the  light  i^asses.     With  a  cert.iii]  tiiiiiiinnl  iierwntiifrf  of 

oxyha^nioglobin  (less  tliau  0.01  fier 
cent.)  the  /9-hand  is  lost  and  the  a- 
baiid  is  very  faint  In  layers  one  cen- 
timeter thick.  With  stron^zer  ;?t»!u- 
trons  tlie  hands  IxH'nme  darker  and 
wider  and  fuuilly  fuse,  while  some- 
of  the  extreme  rc<i  end  and  a  great 
dcfl]  of  the  violet  en<i  of  the  spec- 
trum is  also  aliHorbed.  The  varia- 
tions in  theabsorption  spectrum  with 
diflerences  in  concentration  are  clear- 
ly shown  in  the  nccompauying  illus- 
tration from  Rollett'  (Fig.  4);  the 
thickness  of  the  hiyer  of  lii(nttl  is 
8U]>|Kised  to  be  one  centimeter.  The 
numbers  on  the  right  iinlit^te  the 
percentage  strength  of  the  oxy- 
hienioglobiu  solutions.  It  will  be 
noticed  tliat  the  absorption   whicK 


alio 


Fio.  -t.— Diagram  to  show  the  vaiiatioas  In  the  ab- 
sorption spectrum  of  ozyhwmoKlobin  with  varying 
couci'uirmlioni  of  the  solution  (aatT  Rollott).  Tho 
numtien  to  the  right  give  the  utrength  of  iho  oxy- 
hu:moglobln  feolutlon  to  ptrcentaRP* ;  tbe  kttcmgtvo 
the  poaJtIoiii  of  the  Frannhofer  Hnei.  To  ascertain  takes  plucc  OS  the  concentration  of 
tbeamonnt  of  abeorptlon  for  any  given  ronocntratlon      ^v  ■    ^'        •  a*    .    .1  i 

np  to  1  per  cent.,  draw  a  horiionml  line  Errors  ihe      tllC  solution  mcimscH  athrt-S  the  retl 


diagram  at  the  level  corrcAponrUng  to  the  (.'oiteentra- 
llon.  Where  this  Hnc  pai«eK  throu{;h  the  fihuded  pnrt 
of  the  diagram  ahiiorptlijn  inkeM  piiice,  and  the  width 
af  the  abwirptloii  bands  Is  sten  at  nncc.  The  dtagram 
BhowBelearly  that  the  amount  of  abMi^rptlon  Increaaefl 
M  the  Mdullons  beif>iiie  more  I'liiieentniieil,  e?>peelall]r 
Ihe  atiflorpliiin  of  the  Mne  end  of  the  5pcelrum.  It 
will  be  uoltcL>d  tliiit  with  iHtneentraiion<<  bctwc-en  0  6 
and  0.7  per  cent,  (he  two  bands  between  Dand  e  ftue 
Into  on«. 


solution 
orang^'cnd  of  tfie  K|)ectruiu  last  of  alL 

Solutions  of  reduced  haemo- 
globin examined  with  the  .spcctrt)- 
scope  show  only  one  absorption 
ban<l,  known  sometimes  as  the 
"^y-band."     Tliis  band  Ites  abo  in 


the  portion  of  the  sjKH^trum  included 

between  the    lines  D  and   E;  its   relations  to  these   lines  mid   the   bands  of 

oxvhiemoglobin   an^   shown   in    Figure    5   and  in  PI.    I.  s{x?ctruni   G.     The 

'  llermunn's  JlandtHtch  der  Phyxloiogifj  Bd.  iv.,  1880. 
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y-bai)d  is  much  more  difiuso  tfian  the  oxyho^moglobin  bnnds,  and  its  Iimit3 
therefore,  espetiiully  in  weak  sulutiousj  are  not  weU  defiued;  iu  feolutitms 
of  blood  diluted  100  times  with  water,  which  would  give  a  hieningliibin 
solutiou  of  alxmt  0,14  |iei' ceut.,  the  absorption  baud  lies  in  the  pirt  of  the 
spectrum  inelutletl  between  the  wave-leugths  X  572  and  I  642.     The  withh 
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FlO.  fi.^r>l'»g™nimatlc  represenlaUtm  nf  Uie  alieorplion  spectrum  of  hcemoelobin  (rediioed  htcmoglo* 
bin)  (&Aer  Roilcilj.  The  nuuieruls  give  the  w«ve-leni?tbB  in  buiidred-tbituMindths  of  a  wilUmtlcr ;  ttio 
letters  sbow  the  p<wiUon«  of  the  more  proinlreni  Kminih'>fi'r  lines  of  iho  solar  flf>ectrum.  The  rtni  eiitl 
of  the  ^peciniDi  li;  to  the  left    The  alngle  diSUac  atMurptiuu  baud  lieii  beiweea  nand  £. 

and  distinctness  of  this  band  vary  also  with  the  concentration  of  the 
solution.  This  variation  b  sufficiently  well  shown  in  the  accompanying 
illustnitJon  (Fi^.  (>),  whicli  Ih  :i  eoinpjininii  figure  liv  ihe  iviw  jtist  ^iven 
for  oxyhtemoglubin  (Fig.  4J.  It  will  hv  luHirt-d  tliut  the  last  liglit  U> 
be  absorbed  in  this  case  is  partly  in  the  rwl  end  and  partly  in  the  blue, 
thiH  explaining  the  purplish  color 
of  hieni(>^If>bin  solutions  and  of 
venous  bl(x»d.  Oxyhfenioglobin  so- 
lutions c:ni  I)e  converted  U\  hienio- 
globin  solutions,  with  a  <nuti>*|m»u<1- 
ing  change  iu  the  sjjecitrurn  bands, 
by  placing  the  former  in  a  vacuum 
or,  more  convenicutly,  by  adding 
re<lucing  isolutions.  The  solutions 
most  commonly  used  for  this  pur- 
po^e  are  aninioniuni  sulphide  and 
Stokes's  reugent.^  If  a  solution  of 
retluced  lisemoirlobin  is  shaken  with 
air^  it  qiiicklv  chanjro<,  to  oxyliiemo- 
globin  und  gives  two  bands  instead 
of  one  when  examined  through  the 

si>ei'troscoj>c.     Any  given  solution 

I         ,  1    '       t,*  c  Flu.  6.— Diagram  to  ihow  the  Tartatlons  In  the  ah. 

may  Ije  changwl    ni  this  way  troin  BorplU.n  epecirum  of  reduced  hamoBlobln  with  vnry- 

OXvhoemoelobin       to     ha?m(K,dobIn,  1"*^  wnceutnilion»  of  the  Mmlon  (alter  RoUelt).    Tlie 

•  niinibern  to  the  ripht  give  the  utrenpth  of  the  htemo- 

and     the    revei'Se,   a    great    number  an.l.ln solution  in  perftntapes:  the  letters  gtvy  the  posl- 

Of    times,    thus     dcmonstl-atini:    the  t»m.of  the  Fraunhofer  line..    F«r  further  dIrecHum. 

^  _         '  ^  ^  HA  to  the  use  of  the  diagram,  see  Uie  deacrlpUon  uf 

facility    with    v\hi(.'li    hieiiio^lobin  Figure 4. 

takes  up  and  surrenders  oxygen. 

'  Stokes's  reaf^ent  is  an  ammoniacal  solution  of  a  ferrous  salt.  It  is  made  by  di-Msolrinpr  2 
part**  iby  weight)  of  fcrn>iis  nulphtitc,  adding  3  pnrtfi  of  tartaric  aciii,  and  theo  ammonia  to  dis- 
tinct ulkaiine  renction.     A  permanent  precipitate  stiould  not  be  obtained. 
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Solutioiis  of  carbon-monoxide  hrenioglobin  also  give  a  spectrum  witli  two 
absorption  bands  do^ely  reaembllug  lu  |HJbition  and  appearance  thoe^  of  oxy- 
luemoglobin  (tsee  PI.  I.  spwtruni  7).  They  are  di'^tinguished  from  the  oxy- 
luemoglobiD  band*?  by  being  sliglitly  nearer  tlie  bine  end  of  tlie  P|x^irum,  as 
may  I>e  demonstrated  by  obaerviug  the  wave-lengths  or,  more  conveniently, 
by  superpofriing  the  two  spectra.  Moreover,  solutions  of  carbon-monoxide 
haemoglobin  are  not  reduceii  to  haemoglobin  by  adding  Stokes's  liquid,  two 
bandH  being  still  seen  after  sudi  treatment  A  solution  of  carbon-monoxide 
ha'moglobiii  Huitable  for  spectroscopic  examination  may  be  pre|>aretl  easily  by 
parsing  ordinary  coal-gas  thi*ongh  a  dilute  oxyhiemoglobin  solution  for  a  tew 
minutes  and  then  filtering. 

Derivative  Compounds  of  Haemoglobin. — A  number  of  compiunds 
directly  related  to  biemo^^Iobin  have  been  descrilxxl,  some  of  them  being 
found  normally  in  the  body.  Brief  mention  is  made  of  the  best  known  of 
these  sulistances,  but  for  the  details  of  their  pre^ianition  and  chemical  proper- 
ties reference  must  be  made  to  the  section  on  **  Tlie  Chemistry  of  the  Body." 

Mtihcvnioylobin  is  a  (■oinj>ound  obtained  by  the  action  of  oxidizing  agents 
on  heemoglobin  ;  it  is  freriuently  found,  therefore,  in  blood  stains  or  patho- 
logicjil  liijuidtj  containing  bli*otl  that  have  been  expt>sed  to  the  air  for  some 
time.  It  is  now  suppoM.'d  ti>  bu  identical  in  composition  with  oxyhjeraoglobin, 
with  the  exception  that  the  oxygen  is  held  in  more  stable  combination. 
Mf'thirmoglobin  cryKtallizi's  in  the  wimo  form  as  oxyhiemoglobin,  and  has  a 
characlcribtic  sjiectruin  (1*1.  I.  spectrum  8). 

Ihcmochromoycn  is  the  substance  obtained  when  hsenioglobin  is  decomposed 
by  acids  or  by  alkalies  in  the  absence  of  oxygen.  It  crystallizes  and  has  a 
characteriBtic  spectrum. 

HitnuUin  (CjgHjijNiFoOa)  is  obtaine<l  when  oxylnenioglobiu  is  decomposed 
by  acids  or  by  alkalies  in  the  presence  of  oxygen.  It  is  amorphous  and  has  a 
characteristic  :^|)ectnim  (PI.  I.  s|iectra  9  and  10). 

Hainin  (CajHa^^NjFeOjHCI)  is  a  wjnijHiujid  of  huematin  and  HCl,  and  is 
readily  obtained  in  crystalline  fi^rm.  It  is  much  used  in  the  detection  of 
h\tMA  in  medico-legal  casc^,  as  (ho  crystals  are  very  characteristic  luid  are  easily 
obtained  from  Ijlood-dots  or  bhwjd-stuiu.s,  no  matter  Ih»w  old  tlicse  may  be. 

Hmniatoporjihyrin  fCisHj^NjO^)  is  a  compound  characterize*)  by  the  absence 
of  iron.  It  IS  fretiucntly  sjK»ken  of  as  "  iron-free  hiematin."  It  is  obtained 
by  the  action  of  strong  sulphuric  acid  on  hrpmntin. 

Hicmatoidin  (CigHigXjO,)  is  the  name  given  to  a  crystalline  suI>stanGe 
found  in  old  iiloo<l-clots,  and  formed  undoubtctlly  from  the  luenn>^K»bin  of 
the  clotted  bltMxl.  It  has  l>een  j^hown  to  be  identical  with  one  of  (he  bile- 
pigmcnts,  bilirubin.  Its  iK.'currcnce  is  intertisting  in  that  it  demonstmtes  the 
relationship  between  Inemoglobin  and  the  bile-pigments. 

Jlifitnhwmnfivs  are  a  group  of  pigments  said  tt>  he  present  in  many  of  the 
tissues — for  example,  the  muscles.  They  arc  supposed  to  be  ivspirjitor}'  pig- 
ment*^, and  are  related  physiologiwilly,  and  |>ossibly  ehomically,  to  hremc^lobiu. 
They  have  not  been  isolated,  but  their  spectra  have  been  described. 
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Bile'pignwntH  *  and    Vnnarxf  Pif/mentn — Haemoglobin   ia  I'egaitlcd   as  the 
piircnt-substniKX'  of  the  bile-|ngmcnt5i  anJ  the  uriiiai*y  pigmonts. 

Origin  and  Fate  of  the  Red  Corpuscles. — The  inammnlinn  n\\  eorpus<']c 
irt  a  rcli  that  lias  loet  iir>  nucltnia.  It  is  oot  jmiUiblo,  theivfore»  that  aiiv  given 
OL>rpnwIe  livetJ  for  a  great  while  iu  the  cin-ulatioD.  This  is  Diade  more  oeiluiu 
hv  tlie  fact  that  haemoglobin  iw  the  mothcr-siib8tance  froni  which  tlie  bih*- 
pi^iUL'iits  an;  um*]e,  ami,  as  tlu^ie  pigtuenU  iin:  Ix'iiij^  excivtwl  omtiiniully,  il  i« 
fair  to  Bup|K>se  that  red  corpu&cJes  are  as  steadily  uiK]ei*goiiig  disiutegratiuu  iu 
tliH  bhrtHJ-siream.  Just  Ihav  lon^tho  average  life  of  tht?  corpuscles  is  ha*  not 
btMiU  iletermincd,  nor  it?  it  (x^rlain  where  and  how  they  go  to  pieces.  Ir  has 
beeu  sugge.steil  tliat  their  de^tryrtion  takes  place  iu  the  spleen,  but  tlie  observa- 
tions advanced  in  support  of  this  hypithesis  aiv  not  very  uurnerons  or  con- 
clusive. Among  the  reanous  given  ft>r  assuming  that  die  spleen  is  espe<'ially 
eoncemeil  in  tlie  dt-strnction  at'  red  coqms<'les,  the  nuist  weiglity  is  the  hist^K 
logi<*al  fact  that  one  can  sometimes  find  in  tcjised  preparations  of  spleim- tissue 
ciTtaiu  large  cells  which  (^ontain  red  crtrpuscles  in  their  cell-suWance  in  various 
stages  of  tlisinti'gration.  It  has  Ix-eu  sii|>p(hMd  iliat  the  large  cells  actually 
ingest  the  red  c^^rpuscles,  selecting  those,  presumably,  that  are  in  a  state  of 
physinlu^icid  decline.  Apiinst  this  idea  a  uuml>cr  of  objections  may  l>c 
raise<l.  Large  leucwytr.'s  with  red  corpuscles  in  their  interior  art*  not  found 
so  frequently  nor  so  constantly  in  the  spleen  as  we  would  ex|>e(*t  shouhl  l)c 
the  ease  if  the  sict  of  int»cstiini  wei*e  constantly  going  on.  There  is  some 
rensfm  for  Ix-'lieving,  indeed,  that  the  whole  act  of  ingestion  may  \yc  a  posi- 
uiortem  plienomenon  ;  that  is,  after  the  cessation  of  the  blood-stream  the 
amrebtjid  movements  of  the  large  leueocytt^  continue,  while  the  reil  cxjrpuseles 
lie  at  rest — comliiions  that  are  favorable  U*  the  act  of  ingestion.  It  may  be 
added  a!s»:»  that  the  bltxxl  of  the  ^jplenic  vein  contains  no  htemoglobin  in  solu- 
tion, indi(*ating  that  no  considernble  dissolution  (»f  red  eorpaseles  is  talking 
plae*^  in  the  spleen.  Moi-eover,  complete  extir]>atiou  of  the  spleen  does  not 
jM-em  ti>  lessen  materially  the  normal  destruction  of  red  corpuscles,  if  we  may 
measure  i|je  extent  of  that  normal  destruction  by  the  quantity  of  bile-pigment 
formed  in  the  liver,  remendx'ring  tliat  ha'm«»plobin  is  the  mother-Hulxstanee 
fiiim  which  the  bile-pigments  are  derivotl.  It  is  more  pn>bable  that  there  is 
no  special  organ  or  tissue  charged  with  the  function  of  destrttyiog  red  corpus- 
cK's,  and  that  ihev  undergo  <lisintegnition  and  dis.->ohition  while  in  the  blo<Nl- 
i^lreutu  and  in  any  jiart  of  the  eirculation,  the  liberatetl  haemoglobin  being 
carrieil  to  the  liver  and  excreted  in  part  as  bile-pigment.  The  continual 
destruction  of  re<l  c<)rpuscles  implies,  of  course,  a  continual  formation  of  new 
ones.  It  has  Ixt'u  shown  sutisfailorily  that  in  the  adult  the  or^n  for  the 
reproduction  of  rc<l  corpuscles  is  the  red  marrow  of  bones.  In  this  tisnue 
furmatopoi&riSf  as  the  procens  of  formation  of  retl  cc»rpuscles  is  termeil,  goes  on 
<.i>[itinually,  the  process  l»eing  much  increased  aft<T  hemorrhages  an*l  in  ct*rtain 
lMJilMiIogi«d  etjuditionh.  The  details  of  the  histfilogical  changes  will  lie  found 
in  the  text-books  of  bistolog>'.  It  is  sufficient  here  to  state  simply  that  a 
griHip  of  nucleated  colorless  cells,  erytliroblasts,  is  found  in  the  red  marrow. 
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Tliese  cells  multiply  by  karyokinesis,  and  the  daughter-cells  eventually  pro- 
duce LtLMno^lohiii  in  their  cytoplasm^  tlius  furiuiug  uucleated  retl  eorpU!acle& 
The  nuclei  are  subsequently  lost,  either  by  di8integrati(>n  or,  more  likely,  by 
extrusiou,  and  the  newly-formed  non-nucIeate<l  red  oorpiisoles  are  forced  into 
the  blood-fitixam,  owing  to  a  gradual  change  in  their  position  (luring  develop- 
ment caused  by  the  growing  hiematoiKiietic  tissue.  When  tlje  prtx-esjs  has 
been  greatly  acctleniteil,  as  after  severe  hemorrhages  or  in  certain  |»itliologioal 
conditions,  red  corpuscles  still  retaining  their  nuclei  may  be  found  in  the  circu- 
lating bhKjd,  havitig  l)een  forced  out  prcmutiin'ly  as  \x  were.  Such  ihuiiusoIcs 
may  .subsequently  lose  their  nuclei  while  in  the  blood-stream.  In  the  em- 
bn-'o,  haematopoietic  tissue  is  found  in  parts  of  the  hoAj  other  than  the  mar- 
row, notably  in  the  liver  and  spleen,  which  nt  tint  time  serve  as  organs  for 
the  pHKluction  of  new  rctl  ct»rpuscle,s.  In  tJie  bltwHl  of  the  young  embryo 
nucleated  red  corpus<'les  are  at  first  abundant,  but  tliey  become  less  numerous 
as  the  fetus  grows  older.^ 

VariationB  in  the  Number  of  Red  Corpuscles. — The  average  nuitilier 
of  reil  corpuscles  for  the  adult  male,  as  has  been  stated  already,  is  usually 
given  as  5,000,OtX)  j>er  cubic  mm.  The  number  is  found  to  vary  greatly, 
however.  Outside  of  pathologioid  conditions,  in  which  the  diminntioii  in 
nntnlier  may  be  extreme,  fliftei'enees  have  l>een  oWrved  in  human  beings 
under  such  conditions  as  the  following:  The  number  is  less  in  females 
{4,500,000);  it  varies  in  individuals  with  the  ctuistftution,  nutrilion,  and 
manner  of  liie;  it  varies  with  age,  being  greatest  in  the  ictus  and  in  the  new- 
born child  ;  it  varies  with  the  time  of  the  day,  showing  a  distinct  diminution 
after  meals;  in  the  female  it  varies  somewlmt  in  menstruation  and  in  prcg- 
naucy,  loeing  slightly  increascil  in  the  former  and  diminished  in  tlie  latter 
condition.  Pcrlm|>H  the  most  interesting  example  of  variation  in  the  nninl>cr 
of  retl  (corpuscles  is  that  whidi  occurs  with  changes  in  altitude.  Residence  in 
higli  altitudes  is  quickly  ibllowed  by  a  marked  increase  in  the  number  of  red 
corpuscles.  Vianlt^  lias  shown  tliat  living  in  the  mountains  for  twowcoks  at 
an  altitude  of  43n2  meters  caused  an  increase  in  the  corpuscles  from  5,000,000 
to  over  7,(I0<X000  per  ciibie  mm.,  and  In  the  tliinl  week  the  number  reaehe<l 
^,000,000.  Till*  arviiracy  of  this  nhservaticm  has  been  demonstrated  since  by 
many  investigators.  8oir*c  wry  careful  work  done  under  the  direction  of 
Mieseher*  has  shown  (hut  a  companitivoly  small  increase  i?i  altitude,  7iX) 
meters,  causes  a  marked  increxise  in  the  number  of  red  corpuscles  and  in  the 
amount  of  ha?moglobin,  while  return  to  a  lower  altitude  quickly  brings  the 
Mood  hack  to  its  normal  conditinii.  From  thesi'  observations  it  would  seem 
tliat  a  {liminisheil  ]»respurG  of  oxygen  in  tfie  atmosphere  stinndatcs  the  luema- 
topoietic  organs  to  greater  activity,  and  it  is  Interesting  to  compare  this  result 
witii  the  effect  of  an  actual  loss  of  blood.  In  the  latter  case  the  proihiction  of 
red  corpuscles  in  the  red  marrow  is  inereas<Ml,  because,  a]>parently,  the  amemic 
eon<lition  causes  a  diminution  in  the  oxygen-supply  to  tlie  hiematoix»ietic  tissue, 

'  Unwell :  "  Life  Ilislory  of  the  Blood -corpuscles,"  etc,  Journal  o/  Morph<^i/yt  1890,  vol.  i?. 

»  i>i  Srmaine  mMimlt,  tS90.  p,  4tl4. 

•  .trrJkir/iJr  «p.  Pmhot.  u.  Phn,-mnlot.,  1807»  Bd.  39,  8.  426-464. 
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and  therehy  stimulates  tlic  fn*tlm)bla»tic  cells  to  more  rapid  miiltipllt^ation. 
Id  the  oati*"  ofa  fliniiiiiitloii  in  oxyg;eii-]>rossnro,  as  happens  when  the  altitude 
in  markedly  inrreasi'd,  Wf  may  siippD-if  iliat  one  rcsnlt  is  \\^,\\\\  a  hlijj:ht  dimi- 
nution in  the  oxygt-n-supply  to  tin-  tin^uch,  inclu<liiig  tlie  rt-d  marrow,  and  in 
coiiiieqiience  the  erythrtiblastii  are  again  stimulatwl  to  greater  activity.  This 
variation  in  hu'mogldhin  witli  the  altitude  is  ait  interesting  adaptation  wliich 
eusun's  always  a  normal  oxygen-capacity  for  the  blood. 

Physiologry  of  the  Blood-leucocytes. — The  function  of  the  blood-leuco- 
cytes has  Ikx'U  the  sul>jei»t  of  numerous  investigations,  jMirttcuhirly  in  connection 
with  the  pathology  **\'  blon*!  diseases.  Akhough  many  hyjvotlicrtcs  have  been 
made  as  the  result  of  iht.s  work,  it  (unnot  l>e  8uid  that  we  posticss  any  |x?sitive 
information  aa  tr>  the  normal  function  of  these  cells  iu  the  Uxly,  It  must  be 
borne  in  iniiul  iu  tlie  first  place  that  the  hliKMl-leurocytea  are  not  all  the  i-iame 
histolngicaJly.  and  il  may  be  that  their  functiojis  are  as  diverse  as  ii*  their  mor- 
phology. Varioas  clansiHcntions  have  been  made,  biuned  upon  one  or  another 
ditTereuee  in  microscopic  structure  and  reaction.    Thus,  Ehrlich  groups  the  leuoo- 


Kiu.  7.— HIoikI  lUUieO  M-ltb  Rlirllcli's  "lrl[il(>  «tAin"  of  ftrhl-rviohfln.  neUiyl-ffrf«n,  and  orange  O. 
(dfftwn  with  thf  rftmt'ra  lurlda  fr<>m  nuruial  bluod)  {AAtfr  Ot>lvri:  a.  reU  t.'un>nM'^v>  ^.  >)'in|4i>K'yteii .  r. 
Jaryv  inouuiiuckar  leticucytv*;  </,  truuitlvual  luruu;  r,  neulmptilUc  leuc(>rrU»  witb  polyraurphuu* 
DttcUl  (poljDuclesr  ncutrupltlltis) ;  /,  eoxinophUlc  leucocyte*. 

cyU*a  according  to  the  size,  the  solubility,  and  the  ataining  of  the  granules 
eontainitl  in  the  cytoplasm,  making  in  the  latter  respect  three  main  grou|>ti ; 
(txtfphihjt  or  rosinophilett^  those  whose  granules  stain  only  with  acid  aniline 
<Jy(»s — tliat  is,  with  dyes  in  which  the  acid  part  of  the  dye  act8  as  the  Htuiu  ; 
biiMjphU*M^  thos<'  which  stain  imly  w ith  Uisic  dyes  ;  and  nrtitrf>ffftit*H,  those 
which  stain  only  with  neutral  dyes'  (Fig.  7),  This  clai^iHcation  is  fre- 
quently iw^mI,  especially  in  pathological  literature,  but  It  is  not  altogether 
satiflfactorv,  since  no  detinitc  functional  relationship  of  the  granideH  has  Iwen 
established;  an*!,  moreover,  it  is  nmWide*!  whether  or  n»il  the  granules  are 
|>ermanent  or  tenip<jniry  stnictuivs  in  the  cells.      A  sitnpler  clay«irtoation 

*  Ehrlicli:  Dm  AnettnU,  Vi«niiA,  1898;  Kaathack  and  Uardf,  JounuU  (/  Phyioiojfy,  vol, 
xriL,  1894,  p.  81. 
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based  on  inorphologloal  cliaraoteristics  in  the  iolluwiiifr:  1.  Ltonphm'iftesj 
which  are  small  corpuscles  with  a  round  vesicular  xuicleitH  and  very  »eaaty 
cvtoplasm  ;  iUoy  arc  not  oiijkiIjIo  of  annolioid  iiiovoments.  Tht's*?  oorpusclej? 
arc  so  mlktl  lircaitr-f  thrv  tl'sltiiIjIc  tin-  InictM^vtcs  fomid  in  the  Iviniili-irhuids, 
and  am  .siipp<»s<'d  in  fact  to  he  hroiijirht  into  the  blooti  thn>iiph  the  lynipfi. 
Act'ordinjj  to  Etirlich,  tliey  form  fnjin  '22  to  2o  j>fT  cent,  nf  tlic  total  niiniher 
of  Ifiicni'ytos.  2.  Mimotinrirfir  l*'iirt>rtfti'M^  wliich  are  lar^e  corpuscles  with  a 
vesicular  nucleus  and  ahiLndant  cyto}»IaHui  :  they  have  the  power  of  making 
aino'boid  movements  and  arc  present  in  only  small  numbers,  I  per  cent. 
S,  Poii/morf/fitrnM  or  polifiitirft'ttft'd  Irucoctfte.y,  wlncU  are  larjrc  cm-pumJes  with 
the  nuclens  divided  into  lohcs  that  are  either  entirely  scparat.t'd  or  arc  con- 
nected In'  Hne  pnihiplasmio  threads.  This  fcfrui  sIiuwh  active  ama»boid  move- 
ments and  constitutes  the  largest  pro|)ortion  of  the  1j1(hm1  lencocvtes,  70  to  72 
percent.  -4,  The  ttmHopIufe  cW/w,  similar  in  p^m-ral  to  the  la^t,  except  that 
the  cytoplasm  contains  numerous  coarse  ^nmulcs  that  take  acid  Htains  (eosin) 
readily.     Thcv  are  ]>reHent  In  small  mniiliei*s,  2  (t>  4  jier  cent. 

It  is  iinp<»ssilde  to  say  whrther  these  van^'tics  of  l)lo4)d-leTicocvtes  are 
distinct  histolo;rical  units  that  have  inde]>endent  ijrigitis  and  mori'  or  less 
dissimihu*  functions,  or  whether,  as  seems  nifirc  pmlml»le  to  the  writer,  thev 
represent  dilluiTut  stages  in  the  development  of  a  siniclc  type  of  cell,  tJie 
lymphocytes  (bnning  the  youngest  and  the  [Kilymorphic  or  polynucleatt^d 
leuc(>eytes  the  oldest  stage.  Perhaps  the  moiil  striking  proi>erly  of  the  leuco- 
cytes as  a  class  is  their  power  of  making  amcelnjid  movemeuts — a  chara*"v 
teristie  \vhich  has  gained  for  them  the  sobri(|uet  of  *' waiidei'ing"  cells.  By 
virtue  of  this  pro(>erty  some  of  tliem  are  able  to  migrate  through  tlie  walls 
of  bkKMl-c^ipillaries  itit<t  the  surrounding  tissues.  This  prot-^'ss  of  migration 
t^kes  phicc  iiorijially,  but  is  vixstly  aci^lenited  under  jmtbological  conditions. 
As  to  the  function  or  functions  fnltilleil  by  the  leucocytes,  numenms  sugges- 
tions have  Imm'ii  made,  simic  of  which  may  be  stated  in  brief  form  as  follows; 
(1)  They  protect  the  Ijody  I'rom  [uuliogeuic  bacteria.  In  explanation  of  this 
miion  it  has  lx*ci»  suggesd-d  that  they  niay  either  ingest  the  bacteria,  and  thus 
destroy  them  dinM-tly,  or  they  niiiy  form  eertnin  substances^  defensive  proteids, 
that  destroy  the  bucl-cria,  IjeiKXH.'ytcj5  that  act  by  ingesting  the  bacteria 
are  spoken  of  as  "  p)iag*icytcs'*  (y?(^e«v,  to  eat;  rjjro;-,  cell).  Tliis  tlieor)'  of 
their  funelion  is  nsiuilly  ilesignatwl  as  (he  "phagocytosis  theory  of  Metschni- 
kofl' j"  it  b  founded  upon  the  fact  that  the  ama;l>oid  leucocytes  are  known  to 
ingest  foreign  particUts  with  which  they  come  in  contact.  The  theory  of  the 
protective  action  of  lencooytes  has  been  uswl  largely  in  pathology  to  explain 
imnnmity  fnmi  infections  diseases,  and  for  details  of  experiments  in  snp|M>rt 
of  it  reference  must  be  made  to  ]>athologicid  text-books.  (2)  They  aid  in 
the  absorption  of  fats  from  the  intestine.  (3)  They  aid  in  the  absorjitiou  of 
pejttones  from  the  intestine.  It  may  be  nntierd  here  that  these  theories  apply 
to  the  leuctxn'tes  fouml  so  abundantly  in  the  lyiuplnml .tissue  of  the  aliment- 
ary canal,  rather  than  Ui  those  contained  in  the  blooil  itself.  (4)  They  tuke 
jmrt  in  the  process  of  bhMKl-e4»agnlation.  A  complete  statement  with  retor- 
ence  to  this  function  must  be  reserved  untLl  the  piienomenon  of  coagulation  is 
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iM!rilx^4.1.  (5)  They  help  to  maintain  the  nonnal  composition  of  the  hltKxl- 
pla^nm  iw  to  its  proteids.  It  niuy  Ik?  said  for  this  view  that  there  is  conKidernUIe 
evidence  to  show  that  the  Itsuff^eytes  norinully  underp)  (lisuitr^rMl'mu  nritl  tlis- 
Bohitiou  in  tlie  circnhitiug  blooi!,  to  some  extent  at  lea^t.  The  IthnMl-protrids 
are  peculiar,  and  they  are  not  formed  directly  from  the  digested  food.  It  is 
pn«iible  that  the  leucoeyt*'i<,  vvliirli  arc  the  oidy  typi<*ai  cells  in  the  hloo<|,  aid 
in  keeping  up  the  normal  su[>ply  of  protri<l»j.  Fmm  this  htandiKHnl  they 
might  Ih'  rcganled  in  fact  a«  iinicelltilar  glands,  t!ie  products  of  their  metal>- 
oli^m  wrving  to  maiiit{iiii  the  normal  eum|M»sitii>n  of  the  liloo^l-phmma. 
The  formation  of  graiuilcj*  within  the  snhstanee  of  tla*  e<»sinophile8  oifers  a 
suggestive  analogy  to  the  acmmiilution  of  zymogen  gramilcM  in  glandular 
cells.  As  to  the  origin  of  the  leucocytes,  it  is  known  that  they  increase  in 
number  while  in  the  cireulatifnu  luidertroinj^  multi|»lieatioa  Uv  karvokinesis ; 
hut  the  greater  mirnher  are  pri*!»aMy  priMliiced  in  tin*  lyniph-gland?*  and  in 
the  lymphoid  tissue  of  the  body,  whence  they  get  into  the  lymph-stream  and 
eventually  are  Wrought  into  the  lihvod. 

Phyaiology  of  the  Blood-platea.— Tlie  blood-plates  are  small  circular 
or  ellipticail  bodies,  nearly  homogeneous  in  structure  and  variable  in  size  (0.5  to 
5.5/i),  but  they  Jire  always  snudler  than  the  rotl  corpust^los  (see  Hintology).  Less 
is  known  of  their  origin,  fate,  and  functions  than  in  the  msi*  of  the  lencocj'tes. 
It  is  certain  that  they  are  not  independent  cells,  and  it  is  altogether  probable^ 
therefore,  that  they  soon  disintegrate  and  dissolve  in  the  plasma.  When 
reniove<l  fn>rn  the  circulating  IjIixkI  they  are  known  to  disintegrate  very 
rapidly.  This  peeuliaritv,  in  fact,  pivventetl  them  fn»m  U'ing  di,s<'<tvered  for 
a  long  time  after  llie  blotMl  had  InH'n  8tndie<l  micniM*opi<tdly.  Ileeeut  work 
has  shown  that  they  are  fanned  elements,  and  not  simply  pre<*ipitates  from  the 
plasma,  as  was  suggested  at  one  time.  The  theory  of  Hayem,  their  real 
discoverer,  that  they  develop  into  red  corpusc^les  may  also  bo  considered  aa 
ernmeous.  There  is  considerable  evidcniv  to  show  that  in  shed  blood  they 
take  part  in  the  process  of  coagulation.  The  nature  of  this  evidence  will  be 
descriiied  later. 

Ijilienfeld  *  has  claimed  that  eheniieally  the  blood-plates  c<intain  a  nneleo- 
albumin  (see  seetinn  on  Chemistry  of  the  H«>dy),  to  which  he  ^ives  the  SjieiMfic 
name  of  "  miele<»histon."  The  same  sniistanee  is  wmtaimMl  in  the  nuclei  of 
leucocytes.  This  latter  fact  may  be  taken  as  additional  evidence  for  a  view 
which  has  already  been  supijort^nl  on  morphological  grounds — that  the  blood- 
plates  are  dc'rivcd  from  the  nuclei  of  the  leucocytes.  According  to  this 
theory  when  the  jxdynuclejir  leucocytes  go  to  piece**  in  the  blood  the  frag- 
ments of  nuclei  contained  in  then*  persist  for  a  longer  (»r  shorter  time  as 
blood-plates,  that  in  tinu;  eventually  dissolve  in  the  plasma.  If  this  hist 
iitatement  is  correct,  then  it  follows  that  the  sulwtance  contained  in  the  bhxxl- 
plates  either  goes  to  form  one  of  the  normal  constituents  of  the  plasma,  useful 
in  nutriti(»n  or  otherwise,  or  tliat  it  forms  a  waste  product  tliat  is  eliminated 
from  the  UkIv. 

1  Ou  Boi»-&ymontt»  Arekiv  JUr  FkynatogU,  1S93,  a  560. 
Vou  I.— 4 
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B.  Chemical  Composition  of  the  Blood  :  Coagulation  ;  Total 
Quantity  of  Blood  ;  Regeneration  after  Hemorrhage. 

Composition  of  the  Plasma  and  Corpuscles. — BlrKxl  (plasma  and  cor- 
puscles) coiitjiiiiK  a  great  variety  of  sul)staii(x*s,  as  may  l>e  in^rnvd  ffoui  its 
double  relations  U)  the  tissues  as  a  source  af  iVHxl-suppIy  aud  as  a  means  of 
removing  the  waste  prwlucts  of  their  functional  activity.  The  constituents 
existing  in  qiiantiHes  sufficiently  large  for  recognition  by  chemical  means  are 
as  follows:  (1)  Water j  (2)  pi-otei<ls,  of  which  three  varieties  at  least  are 
known  to  exist  in  the  plasma — naniely,  fibrinogen,  })aragiobulin  (serum- 
globulin),  and  serum-albumin;  (3)  combined  proteids  (hsemoglobin,  nuoleo- 
albtimin.s);  (4)  extraetives,  Im-lmlinp  such  fiubstanecs  as  fats,  sugar,  uwia, 
lecithin,  cholesterin,  ett\ ;  and  (o)  inorganic  salts.  The  proiwrtions  of  these 
substances  found  in  the  hlowl  of  various  mammals  differ  somewliatj  although 
the  qualitative  composition  is  practically  the  same  in  all. 

The.  ibliowing  tables,  taken  from  diiferent  sources,  summarize  the  general 
results  of  the  quantitative  analyses  made  by  several  observers; 


AnolysiM  of  the  Whole  Bloott,  Human  (C  Schmidt). 


Wftter 

Solidh 

Proteids  nnJ  extractives 

Fibrin  (derived  from  the  fibriDOgen) 

Hifniatiii  (mid  iruu) 

Sails        


Man 

Woman 

(25  years). 

(ao  yt-ara.) 

788.71 

824.65 

211.29 

175.45 

191.78 

157.93 

3.93 

1.91 

7.70 

6.99 

7.H8 

8.63 

Inoryimic  SaU*  of  Human  Blood,  1000  parLf  [C  Schmidt). 


Blood'Corptudet. 


a 1.75 

K^ 3.091 

NihO O.470 

SO, 0.061 

PjUj 1.3o5 

c«o 

UfxO 


CI  .   .   . 
K,0   .   . 

Na,0  .   . 
SO,     .   . 

J'A  .    - 
( aO    .    . 

Mg4.)  .  . 


Blood-plavnia. 


3.536 

0.314 
3.-I10 
0.129 
0.14.5 


These  acids  and  bases  exist,  of  course,  in  the  plasma  and  the  txjrpuscles  as 
salts.  It  is  not  possible  to  determine  exactly  how  they  are  cxjmbined  as  salts,, 
but  Schmidt  suggests  the  following  probable  eojubinations : 


Probable  Sal  u  In  the  Corpiuclea. 

Potanium  sulphate 0.132 

PotaMium  chloride 3.679 

PotaMium  ph<j6phate 2.343 

Sodium  ph(«phaie 0.033 

Sotliiini  carbonate 0.341 

Calcium*  phoaphnte 0.094 

Magnesium  phosphate  ....  0.060 


Probable  Salts  In  the  Plasma. 

Potassium  sulphate 0.281 

Potruwiuiii  c'htnride     ......  0.359 

SfMliiim  ehlt»ride 5.546 

SiMiium  plimpliute 0.271 

Solium  curbuimte 1.532 

Taloium  ph<«phaie 0.298 

Magne»ium  phosphate  ....  0.218 
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One  interesting  fact  brought  out  in  the  above  table  is  tlie  poouliarity  in 
distribution  uf  the  jtotiiRHiuni  nn<]  Ho<lium  salts  betwecu  th<j  pliLstna  ami  the 
corpuisclcs.  The  plasma  contains  an  cxuesA  of  the  total  eodium  salte,  and  the 
corpuscles  contain  an  excess  of  the  ])ota8siuni  sialts. 


OompotltioD  of  Blood-pUsma  (lOOO  pArtB).i 

Composllloti  of  Blnodwrum 

(1000  i«Ttii).> 

Hone. 

Hone, 

Mao. 

Os. 

Wflt«T 

917.6 
82.4 
69.5 
6.5 
3S.4 
24.6 
12.9 

85.97 
72.57 

45.65 
20.92 
13.40 

92.07 
76.20 

31.04 
45.16 
15.88 

Sr.li.iii 

Total  proieids 

Fibrin  1  derived  from  the  fibrinogen  i 
P(Lrak^K>biilin  ..••*■•••. 

89.65 
74.99 

41.69 

(Niruru-HlbuniiD  .>.•..«.. 

33.30 

£xtrftciives  and  ulu 

14.66 

Bed  CorjmteUi,  Human  Blood  (Uopp^Seyier), 

I. 

Oxyliienioglobiu , 86.8 

Prol<?id  (and  nuclein?) 12.2 

Lecithin      0.7 

Cbolesterin 0.3 


IL 

04.3  per  cent 

6.1  « 
0.4  " 
0.3       " 


Leveocyi€t,  Tkymut  of  CaiJ  {LUUnfdd). 
la  tt«  loUl  dry  lubstanoe  of  the  corpusclei,  wbicb  was  equal  to  11.49  per  oent.  thvrr  were  rtmtalneil— 

Proteid 1.76  per  cent 

Lctico-nuolein 68.78      " 

HiMion 8.67       " 

Lecithin 7J>1       " 

Fat 4.02       " 

CboleMerin 4.40       " 

Glycogen 0.80       " 

The  extractives  present  In  the  blood  vary  in  amount  under  different  conditions. 
Average  estimates  of  some  of  them,  given  in  percentages  of  the  entire  blood, 
have  been  rejiorted  as  follows: 

Dextrose  (gmpe-sugftr) 0.117  percent 

Urea 0.016       " 

Lecithin 0.0844     " 

Choleeterin 0.041       " 

Proteids  of  the  Blood-plasma. — The  properties  and  reactions  of  proteids 
and  the  relate<l  compounds,  as  well  as  a  classificution  of  those  oc<'urring  in  (he 
animal  body,  are  described  in  the  section  on  the  Chemistry  of  the  Body, 
This  description  should  be  read  before  attempting  to  study  the  proteids  of 
the  pUisma  and  the  part  they  take  in  coagulation.  Three  proteids  are  U7*ually 
described  as  existing  in  the  plasma  of  circulating  blood — namely,  fibrinogen, 
paraglobulin^  or,  as  it  is  .sometimes  atlled,  "si^nun-globulin,"  and  senim-albu- 
miD.  The  first  two  of  these  pit>teids,  fibrinogen  and  jtaraglobuliuj  lx.»long  to 
the  group  of  globulins,  and  hence  have  many  properties  in  common.  Serum- 
albumin  Wongs  to  the  group  of  so-called  "native  albumins"  of  which  egg- 
albumin  constitutes  another  member. 

'  Hammirften :  A  Tai-hook  of  Phynotogieai  ChrmiMry^  1698  (traniilateil  bv  Mandel). 
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Serum-aihumiu. — This  8ubstam*L'  is  a  typi<jal  protoiil.  It  can  be  obtained 
readily  in  crystnlline  form.  Its  pcrc<;utoge  comjK>sition,  acconling  to  Ham- 
mjirsten,  is  as  follows :  C  53.0(>,  H  6.85,  N  16.04,  S  1.80,  O  2-2,2<i. 

Its  molc^nlar  ronipnsition,  according'  to  Sciiinictk'berg,'  nmy  be  represented 
by  C^Hj^-Nji/SOvj  or  some  multiple  of  this  formula,  Sc^riuu-albumin  sliows  the 
general  reactions  of  the  native  albumins.  One  of  its  most  useful  reactions  is 
its  behavior  toward  magnesium  sulphate.  Serum-albumin  usually  occui's  in 
liquids  together  with  the  globulins,  as  la  the  ease  iJi  blood.  If  sueh  a  liquid 
is  thoroughly  saturated  with  solid  MgSO^,  the  globulia-s  are  precipitated  com- 
pletely, while  (he  albumin  is  not  aiTectud.  So  far  as  the  bh>od  and  similar 
liquids  arc  concorne*],  a  definition  of  serum-albumin  might  be  given  by  saying 
that  it  comprises  all  the  proteidb  not  precipitated  by  MgSO^.  When  its 
solutions  have  a  neuti-al  or  an  acid  reaction,  scrum-albumin  is  precipitatctl  in 
an  insoluble  form  by  heating  the  solution  above  a  certain  degree.  Precipi- 
tates pr(Hluceti  in  this  way  by  heating  solutions  of  proteids  are  spoken  of 
as  coagulations — heat  w)agulatious — and  the  exact  tem|>erature  at  which 
coagulation  occurs  is  to  a  certain  extent  characteristic  for  each  proteid.  The 
temperature  of  coagulation  nf  serum-idbumin  is  usually  given  at  from  70° 
to  75°  C,  but  it  varies  greatly  with  the  conditions.  It  has  been  asserted, 
in  fact,  that  careful  heating  under  projwr  conditions  gives  separate  coagula- 
tions at  three  ditferent  temiwniturts — namely,  73^,  77°,  and  84°  C. — indi- 
cating the  possibility  that  what  is  called  ''serum-albumin"  may  be  a  mixture 
of  three  prot(*ids.  SerMru-all)ninin  occurs  in  bliHHl-plusrua  and  blnod-si^ruin, 
in  lymph, and  in  the  dillereiit  normal  and  pathological  exiuiations  found  in  the 
body,  such  as  pericardial  liipiid,  hydrm-cle  fluid,  etc.  The  amount  of  serum- 
albumin  in  the  hhxxl  varies  in  different  animals,  nmging  an*ong  the  mam- 
malia from  2.67  [K^r  cent,  in  the  horse  to  4.52  |M*r  cent.  Jn  man.  In  some 
of  the  cohl-ldoo<K'd  animals  it  occurs  in  snii^risingly  small  «juuntitics — 
0.36  to  0.60  per  cent.  As  to  the  source  or  origin  of  serum-albumin,  it  is 
frequontiv  stated  that  it  eomcs  from  the  digested  proteids  of  tht^  food.  It 
is  known  that  proteid  material  in  the  footl  is  not  changed  at  once  to  scrum- 
albumin  during  tlie  act  of  digestion  j  indeed,  it  is  known  that  the  final  product 
of  digestion  is  a  proteid  or  group  of  proteids  of  an  entirely  diflci*eut  character — 
namely,  peptones  and  proteoses;  Imt  during  the  net  of  al)sorplion  into  the 
blood  these  latter  bovlies  are  supposed  to  undergo  transformation  into  serum- 
albumin.  From  n  physiologiciil  standpoint  scruni-albumio  is  considered  to  be 
the  niiiin  source  of  proteid  nourishment  for  the  tissues  generally.  As  will  be 
explainal  in  the  secti))n  on  Nutrition,  one  of  the  most  important  requisites  in 
the  nutrition  of  the  cells  of  tlie  bixiy  is  an  adequate  supply  of  proteid  material 
to  replace  that  used  up  in  the  chemical  changes,  the  metabolism,  of  the  tissues. 
Serum-albumin  is  supposed  to  funiish  a  part»  at  least,  of  this  supplv, 
although  as  a  matter  of  fact  there  is  no  substantial  ]>roof  that  this  view  is 
correct.  As  hmg  as  the  serum-albuiuin  is  in  the  blood-vcssi'ls  it  is,  of  course, 
cut  olf  frttm  the  tissues.  The  ccllsj  however,  are  ba(he<l  directly  in  lymph, 
» AnhivJUr  etper.  Paihot,  u.  PKarmakoi^  1897,  Bd.  39,  S.  1. 
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and  this  in  tuni  is  formed  from  the  plusma  of  the  blood  which  is  transuded, 
or,  atM?ording  to  Home  jjhysiologistfij  secreted,  tlirough  the  vessel-walls. 

Partujlnhulbi^  which  lu'lonj^  to  the  gr^nip  uf  j^luhuliu.s,  cxhihits  thi*  p'neral 
reactions  clmmctcristic  of  the  group.  As  Htutetl  ahove,  it  is  ooin^»k'loly  pre- 
cipitated frora  its  solutions  by  saturation  with  MgSO,.  It  is  incompletely  pre- 
cipitated hy  sutnnition  with  coniiium  salt  (XuCl).  In  neutral  or  fiM'lily  acid 
sohitions  it  coa^ulatci^  uj)on  heatiiigto  7o°  C.  Hanimarstcn  gives  its  percentage 
composition  as— 052.71.  117,01,  N  15.85,  81.11,0  23.24.  Schmindeberg 
gives  it  a  molecuhu*  eotnposition  correHpnntlirvj;  to  tlie  fitriiuila  Cii-H^y^X^^^SO^ 
+  ^H^O.  Aecordiugto  Faust,^  the]ire(*i]utateof  j>arai^h>Unlin  nsnally  olitained 
with  MgSO,  contains  a  certain  nnunintuf" an  allniininoid  \>*.i^\\\ffh{Ui!n\^  wfiieli  he 
believes  to  be  a  constant  constituent  of  blood-planma.  Panig]ohulino<.-ours  in 
hlootl,  in  lyrapli,  and  iu  the  normal  and  pathological  exudations.  The  amount 
of  paraglobuliii  present  iu  blood  varies  in  diilercnt  animals.  Among  the  mam- 
malia the  amoimt  ranges  from  1.78  jjer  cent,  in  rabbits  to  4.56  \y^T  cent,  iu  the 
horse.  In  human  bliMxl  it  is  giv^en  at  3.10  iK?r  cent.,  beijig  less  in  amount, 
therefore,  than  the  serum-albumin.  It  will  Ih*  seen,  upon  examining  the 
tables  of  compjsition  of  the  blood-plasma  and  bl(H>d-serum  of  the  hoi^se 
(p.  51),  that  more  of  this  prt>teid  is  fotmd  in  the  scrum  than  in  the  pliLsma. 
This  result,  whicii  is  usually  eonsidei'al  sis  l>eing  true,  is  explained  by  supposing 
that  during  coagulation  some  of  the  leucocytes  disintegrate  and  part  of  their 
substance  passes  into  solution  as  a  globulin  identical  with  or  closely  resembling 
]Kii'nglobulin.  The  (igurcs  given  al>ove  show  that  a  consiilerable  am(»nnt  of 
]»araglolmIin  is  normal ly  pix*s*jnt  in  bl^Mxl.  It  is  nusonable  to  suppose  that, 
like  senim-albumiu,  this  proteid  is  valuable  as  a  source  of  nitrogenous  fiKxi 
to  the  tissues.  It  is  umrertain,  however,  whether  it  is  us*^l  by  the  tissues 
dii^eeliy  as  paraglobuliii  or  is  Hrst  ctaiverted  into  some  otljcr  form  of  proteid. 
It  is  entirely  unknown,  also,  whether  ita  value  as  a  proteid  supply  is  in  any 
way  different  from  that  of  seram-albumiu.  The  ongin  of  pnmglobulin 
remains  undetermined.  It  may  arise  from  the  digestetl  proteids  absorbcil 
from  the  alimentary  ranal,  but  there  is  no  evidence  to  supjiort  such  a  view. 
Another  suggestion  is  that  it  etmies  fnnn  the  disintegnition  of  the  leucoeytes 
(and  otlier  formed  elements)  of  the  blood.  These  IwHlies  are  known  to  contain 
a  small  quantity  of  a  glithnlin  resembling  j>ai"agh>hnlin,  and  it  is  |>ossiblc  that 
this  globulin  may  be  liberated  after  the  dissolution  of  the  leucocytes  iu  the 
plasma,  ami  thus  go  to  make  up  the  normal  supply  of  paniglobolin.  The 
fa(*t  remains,  however,  that  at  present  tJie  origin  and  the  sjiccial  use  of  the 
yKiniglobidiu  are  entirely  unknown. 

J'"ihfitHXft'n  is  a  protciil  belonging  to  the  gh^bidin  class  and  exhibiting  all 
the  general  reactions  of  this  group.  It  is  distiuguishetl  from  paraglnbulin  l>y 
a  number  of  special  reactions;  for  example,  its  tem]>erature  of  heat  coagula- 
tion is  mueh  lower  (5<j^  to  *>0°  C/),  and  it  is  completely  thrown  down  from  its 
s<»lutious  by  saturation  with  XaCl  as  well  as  with  Mg8(_\.  It?^  most  impor- 
tant and  distinctive  reaction  is,  however,  that  under  pro|KT  conditions  it  gives 

^  Faiitttj  jnaugitral  Dusertatiou,  L«tpzig,  lb^8. 
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riae  to  an  msoliiblo  proU'id,  fibrin^  whose  formation  18  the  essential  phenom- 
enon in  the  coagulation  of  blood.  Fibrlmjj;:en  lias  a  (KTeentage  composition, 
according  to  Plammnrsten,  of— C  52.93,  H  (>.S*0,  ^M(5.«6,  8  1.25,  <)  21'JG; 
while  its  molecular  eoinposition,  aeconling  to  Schmieileberg,  is  imlicated  by 
the  formula  CiosH,^,.N,„S(_>.j,. 

Fibrinogen  is  limini  in  MiPinl-plasnia,  lymph,  and  in  some  eaws,  though  not 
always,  in  the  normal  and  pat]iolo|^ie:d  exndations.  It  is  absent  from  blood- 
serum,  being  u&eil  up  during  the  process  of  dotting.  It  occurs  iu  very  small 
quantities  in  bkt<Hl,  eompaixil  with  the  other  proteJds.  There  is  no  goixl 
methotl  of  deferuiiiiing  quantitativiily  the  amount  of  fibritiogerij  but  estimates 
of  the  amount  of  fibrin,  which  cannot  diifer  very  much  from  the  iibrinogen, 
show  that  in  iuitnini  lilojxl  it  varies  from  0.22  to  0.4  per  t^nt.  In  horse's 
blootl  it  may  Iw  more  abundant — 0.65  per  cent.  As  to  the  oripn  and  the 
sjRvial  pliysiiili^jcal  value  of  this  prolciil  we  arc,  if  [toi^iible,  more  in  the  dark 
than  in  the  case  of  paraglobulin,  with  the  exit'ptiou  that  librinageu  is  known  to 
be  the  source  of  the  fibrin  of  the  blooth  But  clotting  is  an  (HX-asional  phe- 
nomenon only.  What  nutritive  function,  if  any,  is  jKKsessed  by  fibrinogen 
uuder  normal  conditions  is  unknown.  No  satislactory  account  has  been  given 
of  its  oritrin.  It  lia.s  (jcen  suggested  by  different  inve?itigatoi*H  that  it  may 
come  from  the  nuclei  of  disintegrating  leuc<xTtes  (and  bh>o<l-plates)  or  from 
the  liissolution  of  the  extruded  nuclei  of  newly-ma<le  red  corpuscles,  but  here 
ug:iin  M'e  have  onty  sj)eculations,  that  cannrtt  be  iu*ce|itrd  until  some  ex|>eri- 
moulal  proof  is  advanceil  to  snp|)oi't  ihern. 

Coafirulation  of  Blood. — One  of  the  most  striking  properties  of  blood  w 
its  jrower  of  clotting  or  coagulating  shortly  idicr  it  esi-ajies  from  the  IJimkI- 
vessels.  The  general  changes  in  tlie  bhuid  during  this  prrxx^^s  are  eit«ily  fol- 
lowed. At  first  shetl  bh^jnl  is  j)erl"ectly  fiuid,  but  in  a  few  minutes  it  Ijeconics 
viscous  and  then  eets  into  a  soft  jolly  which  quickly  becomes  firmer,  so  that 
the  vessel  coutjiiniug  it  can  bo  iiivfi  led  without  spilling  the  Lkfod.  The  clot 
wmtinues  to  grow  more  compnct  and  gradually  shrinks  iu  volnntc,  pressing  out 
a  smaller  or  larger  quantity  of  a  elear,  faintly  yellow  liquid  t<j  which  the  name 
hfootlscrnm  has  been  given.  The  essential  part  of  the  clot  is  tfie  fibrin.  Fibrin 
is  an  insoluble  pn^tcul  that  is  aiiscnt  fiojn  nnrnial  blood.  In  shed  blood, and 
under  certain  conditions  in  blwHl  while  still  in  the  blo^^^d-vc&selsj  this  fibrin 
is  formed  from  the  soluble  fibrinogen.  The  d<'jinsiti<in  of  the  fibrin  is  pcrnlinr. 
It  is  jvn'ripitatcil,  if  the  word  nuiv  be  us*'d,  tn  the  form  of  ini  exceedingly  tine 
network  of  delicate  thn'ads  that  iM*nueate  the  Aviiole  mass  of  the  bliMjd  and 
give  the  clot  its  jelly-like  ehanietcr.  The  shrinking  of  the  tbi^eads  cau.ses 
the  subsequent  eonti*action  of  tfie  clot,  li'  tlie  blno^l  ha.s  not  betni  shaken 
during  the  act  of  clotting,  almast  all  the  retl  corpusch-s  are  caught  in  the  tine 
fibrin  meshwork,  and  as  the  clot  shrinks  these  corpuscles  are  held  more  firmljr, 
only  the  clear  liquid  of  the  bloo*t  being  sfjucexoil  out,  so  that  it  is  possible  to 
get  specimens  of  serum  containing  few  or  no  re<l  erirpnsclos.  The  leucocytes, 
on  the  contrary,  although  they  are  also  caught  at  first  iu  the  forming  mesli- 
work  of  fibrin,  may  readily  pass  oat  into  the  serum  in  the  later  stages  of  clot- 
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t\n^y  nn  nrronnt  of  tliHr  power  of  making  anuplx)itl  niovements.  If  tlic  l)l(HKi 
has  been  a^itatol  iliiriiifr  thy  pniwss  of  clotling,  tlic  dolu-att^  network  will  be 
broken  in  pbces  and  the  seniin  will  l)e  more  or  less  bloody — that  is,  it  will 
contain  iinnierons  n'd  rorpusclo,*.  If  during  tlie  time  of  rlottinjr  the  hl(xv:l  is 
vit^oRJUsiy  whip(KHl  widi  a  bnndlt*  of  fino  rods,  all  the  fibrin  will  be  deposited 
as  a  stringy  mass  upr>n  the  whip,  and  the  remaining  lifjnid  part  will  consist  of 
serum  plus  the  bloml-corpuseles.  Hloo<l  that  lias  been  whip]>i-d  in  this  way 
is  known  as  '^  deJibrinjiU'd  UI(hh]."  It  resernhles  nornml  blood  in  apjwarance, 
but  is  diflferent  in  it8  twiiponition :  it  eunuot  elot  a^iii.  The  way  in  which 
the  fibrin  i.s  normally  ^leposittnl  may  1m?  deuionstratwl  most  beantifnlh'  under 
the  mieroBotjpe  by  placing  a  good-sizcnl  drop  of  biootl  on  a  slide,  citvering  it 
with  a  LN)ver-Hlip,  and  allowing  it  to  Ktaml  for  several  minutes  until  coafru- 
lation  is  conip!ele<l.  If  the  drop  is  now  exandnefl,  it  is  possible  by  isn-eful 
focussing  to  disoiver  in  the  spaces  between  ihe  masses  of  eorpiLs<.'les  many 
cxampk'.s  nf  the  delicate  fibrin  network.  The  physiological  value  of  clotting 
is  that  it  sto|)S  hemorrhages  by  ckwing  the  openings  of  the  wounde<i  biootl- 
vessels. 

Time  of  Ciottltiff. — The  time  necessary  for  the  clot  to  fctrm  varies  slightly 
in  diHerent  individuals,  or  in  the  bIcNxl  of  the  same  individual  varies  with  the 
omidition.^.  It  may  Im^  slid  in  (reneral  that  under  normal  conclitions  the  lilfHxl 
|>asses  into  the  jelly  stage  in  frorri  three  to  ten  minutes.  The  j^ejKiratiou  of 
clot  and  serum  takc5  place  gradually,  but  is  usually  completed  in  fixim  ten  to 
ft»rty-eigiit  hours.  Tlu'  time  of  clotting  shows  intirkwl  s'arintjons  in  drftci'cnt 
aiiiiuals;  the  process  is  esj>eeialiy  slow  iu  tlie  hurne  and  the  terrapin,  sf)  that 
coagulation  of  shfKl  blowl  is  more  easily  pii'veuted  iu  these  animals.  In  the 
human  being  also  the  time  of  clotting  may  l>e  nuich  prolongcil  nnder  c<iitain 
ountlitjons — in  fevers,  for  exaaiple.  Tliis  fact  was  noticed  in  the  day.s  when 
bloijdietting  was  a  common  pmctiL'e.  The  slow  clotting  of  the  blo<xl  |>ermitte<l 
the  red  corpuscles  to  sink  somewhat,  so  that,  the  upjjcr  pirt  of  the  clot  in  such 
cases  was  of  a  lighter  t^tdor,  fi»rming  what  was  called  the  "buflv  coat."  The 
time  oft-lotting  may  l>c  shofteninl  or  U-  proKmgcd,  or  tlie  clotting  may  Im^  pre- 
vcnte<l  altogether,  in  various  ways,  and  much  use  has  Iw^eu  nuide  uf  this  fact 
in  studying  the  composition  nnd  the  c<nigulatt(»ri  r*f  UWm\  as  well  as  in  con- 
trnlljng  liemorrhages.  It  will  l>e  advantngetius  to  postpone  an  account  of  tlu^e 
nn'thods  for  hastening  or  retarding  «mgulation  until  the  theories  of  rawignlation 
have  been  eousideretl. 

Theories  of  Coagrulation. — The  clotting  of  blood  is  such  a  prominent  phe- 
nomenon that  it  hits  utti-actetl  attention  at  all  times,  and  as  a  result  uumcious 
theories  to  ai-count  for  it  have  been  advanced.  Most  of  these  theoriefi  ptiswesa 
8ira|dy  an  histoncid  interest,  and  nt*e<l  not  Ix'  discussed  in  a  work  of  this  okanic- 
ter,  but  some  i-efert-nce  to  older  views  is  unavoidable  for  a  proi»er  prcs<'ntatinn 
of  the  subject.  To  prevent  misunderstanding  it  may  l>e  stated  explicitly  in 
the  beginning  that  there  is  at  present  no  perfectly  satisfactory  tlieory.  Indecnl, 
the  subject  is  a  diflicult  one,  as  it  is  intimately  connected  with  the  chemistry 
of  the  proteids  of  the  blood,  and  it  may  \ie  said  that  a  complete  understanding 
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of  clottinj;  waits  n|Kin  a  l»rtter  knowledge  of  the  nature  of  these  proteid.s.  It 
is  p*>Rsil>le  that  at  tmy  moment  new  facts  may  be  discovered  that  will  alter 
proM'nt  iih'iis  of  tlio  iiMhire  of  tfie  proepHS.  Jn  conpidpriiiu  the  different 
theories  that  have  hei'ii  [iropiisi'd  there  are  twtv  ^iieral  fuft.s  tliiit  shiiuld 
always  he  kept  in  Tuind  :  first,  that  the  main  phenomenon  tliat  a  theory  of 
coa^^ulution  has  t<i  ixphiiu  is  tlie  (iirmalion  ivC  lihrin  ;  seeond.  that  tdl  tlieories 
unite  in  the  eoinnum  hi'li<'t'  that  the  tibriii  is  dr  rive<l,  in  part,  nt  least,  from 
the  fihrinogen  of  the  plasnm. 

Sdimidt^s  Older  Thfory  of  Coagidaiion. — The  first  theory  that  gained 
general  acceptance  in  recent  times  was  that  of  Alexander  Schmidt.  It  was 
]>ro|M)se4l  in  ]8*>]j  and  it  Iuls  st*rvwi  as  the  Iwisis  \\yv  :ill  suhsequeut  theories. 
Seiituidt  held  that  the  fibriu  \}^  tlie  clot  is  furnied  by  a  rcaetitni  lictwecn  para- 
ghibuhu  (he  ealletl  it  *'  fibrinoplitstin  ")  and  fibrinogen,  and  tliat  this  reaction  is 
brouj^lit  about  by  a  third  bixly,  to  which  he  gave  tlie  name  oi\Jifjrhi  fffmeiU. 
Fibriu  ferment  was  believed  to  be  absent  from  normal  blooil,  but  to  be  formed 
after  the  blood  was  shed.  Further  referenee  will  presently  be  made  to  the 
nature  of  this  sul^tanee.  Schmidt  was  not  able  to  delei-mtne  its  luUure — 
whether  it  was  a  proteid  or  not — but  he  discovered  a  methixl  of  prei>aring  it 
from  hloml-serum,  and  demonstrated  that  it  cannot  l)e  obtained  from  bUMxi 
immetliately  after  it  leaves  tlie  blood-vesseln^  and  tliat  tH>nscqncjitly  it  does  not 
exist  iu  circuhiting  blood,  in  any  appreciable  quantity  at  least.  Finally, 
Schmidt  believed  that  a  ix^Ttain  quantity  of  soluble  salts  is  necessary  as  a 
fourth  "  iibrin  factor." 

Ha7nm<u')itai^s  Theory  of  Coaffidation. — Hammarsten,  who  repeated 
Schmidt's  experiments,  demonstrated  that  pai'aglobulin  is  unnecessary  for 
the  fiirmatifin  of  fibrin.  He  showeil  that  if  a  Sdlution  <tf  pure  filirinrii^en  is 
prepai-cil,  and  if  there  is  addal  to  it  a  solution  uf  libriti  ferment  eutiivly  free 
from  pamtrlabnlin,  a  typical  clot  is  formed.  This  ex[>eriment  has  since  been 
confirnied  hv  otlurs,  so  that  at  pivscnt  it  is  generally  aeceptctl  that  paraglob- 
uliii  takes  uu  direct  part  iu  tlie  formation  of  fiUrin.  Hammarsten's  theory 
was  that  there  are  two  fibriu  faetoi^s,  fibrin  ferment  and  fibrinogen^  and  that 
fibriu  result.'^  from  a  reaction  between  these  two  b(>dies.  The  nature  of  this 
reatrtioii  nnild  not  be  iletermineHl,  but  Hnniniarsten  shower:!  that  the  entire 
fibrinogen  inoUcuie  is  not  changed  to  fibriu.  In  place  of  the  fibrinogen 
there  is  present  -aWvi-  chitting,  on  the  oue  haiiti,  fibrin  representing  most  of 
the  Wiight  ni'  filuiuo^fii  {*](>-lK)  jicr  cent.),  and,  on  the  otlicr  hand,  a  newly- 
Ibrmeil  giithuliu-ltkc  prolei<l  rutaiued  in  solution  in  the  serum,  to  which  ])ro- 
teid  the  name  Jibrin-ffhhniin  has  been  given.  Hammarsten  supposed  that 
although  pMniglohniin  toitk  no  direct  part  iu  the  prncess,  it  acted  as  a  favor- 
ing condition,  a  greater  quantity  of  fibi'in  being  fornted  when  it  was  present. 
I^ter  experiments '  indicated  tliat  this  sup|>osition  was  incorrect,  and  that 
IKiniglobulin  may  be  eliminated  eutirc^ly  trom  the  theory.  The  theory  of 
Hammarsten,  which  is  jterhaps  gLiierally  accepted  at  the  present  time,  is 
incomplete,  however,  in  that  it  leaves  undetermined  the  nature  uf  the  ferment 
'  Fredcrikw:  ZeitMhrifi  Jur  phygioiotjUche  Chemk,  Ud.  19, 1814,  ^  143. 
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and  of  the  reaction  hetweon  it  find  fibrinogen.     The  aim  of  the  newer  theories 
has  been  to  supply  this  deficiency- 

Schm'idfn  Theoiy  of  Con f/ul alio n, — In  a  volume  ^  containing  the  re- 
sults of  a  lifetimi'  nf  work  devoted  to  the  tjttuly  of  hlood-e<myul;ition, 
Schmidt  has  modifiinl  Ids  well-known  theory.  His  present  ideas  of  the  direct 
and  indirect  cirinncctian  of  the  proteids  of  the  plasma  with  tlie  fcumation  of 
fibrin  are  too  coinplex  to  be  statwl  clearly  in  brief  conijwtss.  He  ehissifies  the 
conditions  neco^sary  for  coagulation  as  follows :  (1)  Ceili^in  soluble  jiroteids — 
namely,  the  two  globulins  of  the  blood — as  the  material  from  which  fibrin  is 
made.  Schmidt  does  not  I>elicvc,  however,  tliat  para^lulndin  and  fibrinogen 
react  to  make  (ibriuj  hut  b<'lievcs  that  fibrinogeu  is  formc'^.l  fniui  j«ii*aglobulin, 
and  that  fibrinogen  in  turn  is  changwl  to  fibrin.  ('2)  A  sjiecific  ferment,  fibrin 
ferment,  to  cHeet  the  dianu^et^  in  the  proteids  just  statt.'d.  He  projH>ses  for 
fibrin  ferjnent  the  distinctive  name  of  thrombin.  f.'J)  A  itTtain  f)uaiitity  of 
neutral  salts  is  ncce.ssar>'  for  the  precipitation  of  the  fibrin  in  an  instduble  fiirm. 

The  RehUion  of  Cafeium  »^ult^  to  Coat/ulatioti. — It  Jias  Ijecii  shown  by  a 
number  of  observers  that  calcium  salts  take  an  ini|K>rtant  part  In  the  pro- 
cess of  clotting.  This  fact  was  first  clearly  demonstrated  by  Arlhu:?  and 
Pages,  who  found  that  if  oxalate  of  jM)tash  or  scjda  is  addcnl  to  fn^hly-dmwu 
blood  in  quantities  sufficient  tu  pre<'ipitate  the  calcium  salt.s,  dotting  will  lie 
prevental.  If,  Imwever,  a  soluble  caleium  salt  is  again  added,  clotting  occui's 
promptly.  Tliis  liict  has  been  demonstrated  not  only  for  the  blood,  but  also 
for  pure  solutions  of  fibrin(>gcn,  and  uc  are  jnstifieil  in  saying  that  without 
the  presence  of  caleium  Hult-'^  filuin  ciiurutt  lie  fornunl  from  fibrinogen.  This 
is  one  of  the  most  significant  facts  recently  brought  out  in  eoimection  with 
coagulation.  AVe  know  that  fibrinogen  when  acteil  upoti  by  fibrin  fertaent 
produces  fibrin,  but  we  now  know  also  that  calcium  Sidts  must  ]jg  present. 
What  is  the  relation  of  these  salts  to  the  so-called  "ferment"?  The  most 
explicit  the<iry  proposed   in  answer  to  this  fpiestion  we  owe  to  Pi-ki'lharing. 

l^ckflhtirifti/'a  Thfori/  of  Coiu/idation. — Pckclliaring''  succeeded  in  sepa- 
rating from  blood-plasma  a  pnjteid  botly  that  has  tbr  pr*iperlies  of  a  nncleo- 
fllbuniin.  He  finds  tliat  if  this  sulKstance  is  brought  into  sohition  together 
with  fibrinogen  [Uid  ealcinm  salts,  a  tyiiicsd  t^lot  will  form,  while  uuekN>- 
albiimiu  alone,  or  adcium  salts  alone,  added  to  filirinogcn  solutions,  uuise 
no  clc>tting.  His  theory  of  awignlation  is  that  what  has  Ix-'cn  called  "fibrin 
ferment"  is  a  compound  of  mn-leoalbnnnn  and  calcium,  and  that  when 
this  compound  is  bronght  into  contuct  widi  fibrimjgen  a  reaction  itccurs,  the 
calcium  pa.-ising  over  to  the  fibrinogen  and  forming  an  insoluble  calcium 
compound,  fibrin,  Aei-ording  to  this  the<irv,  fibrin  is  a  calcium  eomponnd 
with  librin(»gen  or  with  a  part  of  the  (iljrinogen  [uoleeide.  TJiis  idea  is 
strengthened  by  the  unusually  large  percentage  of  calcium  found  in  fibrin 
ash.  The  theory  i^upjioses  also  that  the  fibrin  ferment  is  not  jircsi/nt  in  blood- 
plasma— that  is,  in  snfiicient  4piantily  to  .set  nj)  coagulation — but  that  it  is  formed 

1  Znr  Htulkhrr,  teipKip,  1893. 

'  Unterauekungat  iiber  das  ft^n/t^mrnJi  Amsterdam,  1892. 
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afHer  tlio  blutKl  is  sIietL  The  niieleu-iillnimin  pirt  is  derived  faom  the  cor- 
puscles of  the  bUKxl  (leucocytes,  blofKl-platos),  whieh  break  down  and  j^o  into 
sobition.  This  intcleo-iillmTniti  tluMi  tinitrs  with  tlic  rahniim  snlts  prf'Sfnt  in 
the  Itlood  to  form  fibrin  trrnicnt,  an  organic  t't*tnpouMd  ol' calcium  eajmlde  of 
reaetinp  with  fibrinogen.  The  theory  is  a  simple  one ;  it  acoonuts  for  the 
im])ortjn»co  of  o.ilcinm  gjdts  in  coan^ulati^m,  and  re<hices  the  inten*lianjre  l>e- 
tween  fil)rinogon  and  fibrin  fiTiiu'nt  to  tlie  nature  of  an  ordiiuiry  choniical 
reaction  ;  but  it  cannot  l)e  accepted  without  rcHcrvation  at  j>re*H'nt»  since  the 
exix'rimental  evidence  is  not  entirely  in  its  favor.  Ilamniarsteii^for  instance, 
in  sonu*  careful  experinifnts  seems  to  liave  ol>taine(l  facts  that  are  at  variauee 
with  a  part  at  h'ast  <if  this  theory.  Uaniiiiarstrn  ^  rotates  tliat  idocjd'plasma 
or  (ilirinogcn  solutions  to  which  an  t-xrcss  nf  iJotHssiuui  ijxiilate  iia<l  been 
a^bbnl,  and  wliicli  therefore  was  five  ]>ri'stnnably  fr*>]n  [>r4'cipitablL'  cideiunx 
!4jdts,  uuderw<'nt  typical  r^oa^ulatimi  when  mixed  with  IjlofHl-si-rnni  tt»  which  an 
excess  of  oxalate  had  nli^beeii  added.  In  other  words,  a  solution  (d*  fibrinogen 
free  from  paleintn  naeted  with  a  solution  of  fibrin  icnnent  (l»[ood-serurn)also 
apparently  free  from  calcium.  It  niig^ht  be  urged  ay;ain,st  this  experiment, 
huwever,  that  in  the  bloixl-seruni  used  the  combinatiim  of  calcium  and  nueh*o- 
protei^l  to  fijrui  ferment  liad  already  taki'u  place,  and  tliat  in  this  comfjination 
thecaloiinu  is  not  acted  upon  by  the  oxahite.  Ilamtnan^teu  indeed  adudts  that 
somethin^f  of  this  kind  uiiiy  occur,  for  he  is  convince*!,  like  others,  that  ealeiMm 
in  some  way  is  essential  to  eoapuhition,  hissupgestion  being  that  it  playsnn  un- 
known |»art  in  tin*  Ibritiatiun  of  the  ferment.  He  sn]i}>oses  that  in  the  jilasma 
of  shed  blood  a  malenal  is  j^resent  wldeli  he  desit^uutes  as  prothrt:nubin,  and 
the  ealeium  in  ajme  way  converts  this  into  the  active  ferment,  the  throndun. 
Acroriling  to  the  more  explicit  fivpi>tliMsis  of  P(»kelharint:,  ttic  pr(»thr(>uibin  is 
a  form  of  nucleo-[>ruteid  and  the  thnimi)in  a  4'aleiuui  c<nu|Mmnd  of  this  |)ro- 
toid.  The  sceoud  part  of  Pekelharing's  theory,  namely,  that  the  reaction 
between  the  ferment  and  tlie  fibriuofxen  consists  in  a  (nuisfer  (»f  the  ealcimn 
from  tlic  fi»rnier  lo  tlie  latter,  is  dire<'tly  cmitraflicted  by  Jlarumarstcn's  expiri- 
ments.  (iuantitative  analysis  of  fibnni»jreu  and  fibrin  showed  that  tl»e  latter 
does  not  contain  any  larijer  amount  of  cidcium  than  the  former.  This  author 
is  inclined  to  consider  tlio  i\\  containe<l  in  fibrin  of  tlie  n:»tureof  an  impurity, 
and  not  as  an  essential  constituent  of  thi^  fibrin  molecule.  Bv  the  use  of 
special  methotls  he  has  succeeded  in  obtaining  typical  fibrin  containing  as 
little  as  0.005  per  cent,  of  C'a.  We  must  be  eonteut  to  sav  that  in  the  clot- 
ting of  bloijil  thriK^  fact4)rs  are  neceswirv — namely,  the  fibrinogen  and  tlie 
wdeinm  suits  of  plasma,  which  are  present  in  the  cijvulating  blood,  and  the 
fibrin  ferment,  which  is  formed  after  the  blofMl  is  shed. 

Nature  and  Origrin  of  Fibrin  Ferment  (Thrombin). — Recent  views  as 
to  the  nature  of  fibrin  fernjent  luive  Ijeen  referred  to  incidentallv  in  the 
description  of  the  theories  of  w)ag(dation  just  given.  The  t elation  of  these 
newer  views  to  the  okler  idexs  can  be  presented  most  easily  by  giving  a 
brief  description  of  the  development  of  our  knowledge  concerning  this  body. 

»  Zeitickrifi  f3r  phynniotjMehe  Chanie,  Bd.  22,  a  333,  and  1899,  Bd.  28,  S.  98. 
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Schmidt  prt>paix>d  solutions  of  libriii  iVTinunt  originally  by  adding  i\  large 
excess  of  alcohol  to  bloocl-w;rum  and  allowing  the  proteids  thus  precipitated 
to  stand  under  strong  akuvliol  for  ;v  long  time  until  they  were  thoi*onghly  coagu- 
latetl  and  rendered  nearly  insoluble  in  wnier.  At  the  end  of  the  proper  ]X'riod 
the  coagulated  proteids  were  extracted  witli  water,  and  there  was  obtained  a 
solution  which  containeil  only  small  qit:intities  of  proteld.  It  was  found  that 
fiolntionH  prepared  in  this  way  had  a  marked  eftoet  in  inducing  coagulation 
when  added  to  liquids,  such  as  hydnieeh^  Hipiid,  that  contained  librinogen, 
but  did  not  clot  ppontaneoiisly  or  elhe  clotted  very  slowly.  It  was  atW- 
wanl  !^hown  that  similar  .Sf)lution.s  of  fibrin  ferment  are  capable  of  setting  up 
ci»agulu(ion  very  n-jidify  in  so-<«lh*d  s'dtf<l  plasma — that  is,  in  hloml-plasma 
prevented  from  clotting  by  tlie  addition  of  a  certain  quantity  of  neutral  salts. 
It  wa^  not  p*issible  to  say  whether  the  eoagnlating  ]H)Wt*r  of  these  solutions 
was  due  to  the  small  traces  of  proteid  contuintHi  in  tfiem,  or  whether  ihe  pro- 
teid  was  meivly  nn  impurity.  The  general  belief  for  a  time,  however,  was 
that  the  pi*oteids  present  wt-r*'  not  the  active  agent,  and  that  there  was  in  st>]u- 
tion  something  of  an  unknown  chemical  nature  wliich  actetl  upon  the  fibrinogen 
after  the  uuuiner  of  unorganized  ferments.  This  l)elief  was  founde<l  mainly 
u|>on  three  faetf :  fir*t.  that  the  .suUstance  si-^'mtil  to  be  able  to  act  powerfully 
U|>on  fibrinogen,  althotigli  present  in  such  minute  quantities  that  it  could  not  be 
i8olate<I  satisJactctrily  ;  second,  it  was  dcstrove^l  by  heating  its  solutions  for  a  few 
minutes  at  60°  C  ;  and,  thirtl,  it  did  not  seem  to  be  destnjycd  in  the  reaction 
of  ("oagulation  whicli  it  set  up,  since  it  was  always  present  in  the  serum  squeezed 
out  of  the  clot.  Schmidt  pn)ved  that  fibrin  Rrtnent  coidd  not  l>e  obtained 
from  blood  by  the  metho^l  dcscrilxMl  above  if  the  blood  was  made  to  flow  ira- 
nie<liately  ^■'►rti  tfie  cut  artery  into  the  alcohol.  On  the  other  hand,  if  the  shed 
blood  was  allivwetl  to  stand,  the  quantity  of  liljrin  ferment  inerea.se<l  up  to 
the  time  of  I'oagulation,  and  was  prcjwnt  in  quantity  in  the  serum.  Schmidt 
believed  that  the  fennent  w*as  formwl  in  shed  bhMMl  from  the  disintegration 
of  the  leucocytes,  and  i\\\s  belief  was  corroborated  by  subsequent  histological 
work.  It  was  shown  in  micraseopic  pre|>arations  of  coagulated  blotxl  that  the 
fibrin  threads  oih'n  radiattnl  from  bmken-down  leucocytes — an  api>earanee 
that  seemed  to  indicate  lliat  the  leucocytes  served  as  plaints  of  origin  for  the 
deposition  of  the  fibrin.  When  the  blood-plates  were  discovered  a  great  deal 
of  microscopic  work  was  done  tending  to  show  that  these  bodies  also  are  con- 
ncpted  witli  coagulation  in  the  same  way  an  the  leucocytes,  and  ser\'c  ])robably 
as  sources  of  fibrin  terment.  In  microscopic  preparations  the  fibrin  threads 
were  found  to  radiate  fmm  masses  of  partially  di«integrate<l  plates  ;  and,  more- 
over, it  was  diseovenxl  that  conditions  which  retard  or  prevent  coagulation  of 
bl(HHl  often  serve  to  preserve  the  delicate  plate^^  \'w\\\  disintegration.  At  the 
present  time  it  is  generally  believed  that  there  is  derived  from  the  disintegra- 
tion of  the  leucocytes  and  bNxxi-platea  something  that  is  necessary  to  the 
coagnlatiim  of  bhxxl,  but  thei*e  is  some  difierence  of  opinion  as  to  the  nature 
of  this  substamie  and  whether  it  is  identical  with  Schmidt's  fibrin  ferment. 
Pekelharing  thinks  that  the  substance  set  free  from  the  corpuscles  and  plate« 
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is  u  niicleo-prutciil,  but  that  this  uucleo-pmleid  is  not  capable  of  acting  upon 
fibrinogfu  until  it  has  conibinixl  with  the  (nilciiuu  salts  of  (be  blooil.  According 
tf>  his  view,  tiiorefore,  fibrin  ferment,  in  Sehniidt's  sense,  is  a  oorupound  of  eal- 
ciuiu  and  uueleoproteiil.  Lilioiilcld  Ijas  .showu  by  chemical  reuctious  that 
blood-plates  and  nuclei  of  leuaioytes  contain  nucleo-proteid  material  which  in 
all  prol>al)ilitv  is  lilxTated  in  tfic  blood-pla-*iiia  by  the  disintegration  of  these 
elements  after  the  blood  is  .shed.  Lilienfehl  contends,  however,  that  solu- 
tions of  fibrin  ferment  prepared  by  Schmi<It's  nicthml  do  not  contain  any 
nucleo-protetd  material,  and  tlutt,  aUhoiigli  the  lil>eratiim  of  nucleo-pniteid 
mat*!rial  is  what  stiirls  norma!  eoag-utaliiui  of  bhxjJ,  nevertheless  KO-called 
fibrin  ferment  is  somethinjj^  entirely  diilermt  from  nneleo-proteid,  Jn  this 
point,  Imwever,  his  residts  are  contnidietiHl  by  the  experiments  of  Pekelhar- 
in^  and  of  nalliljurton,  who  both  Jind  that  solutionis  of  fibrin  ferment  pre- 
paretl  by  8c  hniidt's  inetliod  give  distinct  evidence  of  containing  niieleo-pro- 
teiil  material.  We  may  conclude,  therefore,  that  the  essential  element  of 
Si'liTniilt's  fibrin  ferment  is  a  ntu'h'o-]>r<tt<'id  e(tni|MJund.  Tlie  nature  ctf  the 
action  of  the  ferment  on  fibi'inn^en  is  fpiite  unch  termiiu'd.  As  was  mentioned 
before,  only  a  portion,  and  apparently  a  variable  j»ortion,  of  this  fibrinogen 
ap|H'ars  as  fibrin  aftiT  chtttinp  is  eompletcil.  Along  with  tlie  fibrin  a  new 
]>roteid  fibrin  globulin  makes  its  ap|)earance  in  the  serum.  Tins  fact  lias 
Bnggestcd  tlie  view  that  perl)aps  the  fibrin  ferment  acts  after  the  manner  of 
the  digestive  ferments  by  causing  hydn>lytic  cleavage  of  the  fibrinogen,  that 
is,  caiisi's  tlie  fibrinogrn  niulectili'  to  take  np  wat^T  anil  then  dissociate  into 
two  |mrts,  fibrin  and  librin  glubidiii.  Hanimarsten,  however,  is  inclined  to 
believe  that  the  reaction  is  of  a  different  nature,  resomidlng  more  the  change 
that  occurs  in  the  heat  coagulation  of  proteids.  According  to  this  suggestion, 
the  ferment  causes  a  molecular  rearrangement  of  the  fibrinogen,  resulting  in 
the  formation  of  fibrin,  most  of  which  is  deposited  in  an  insoluble  form,  while 
a  smaller  part,  after  suffering  a  still  further  alteration,  appears  as  fibrin 
gUibtdin. 

Intravascular  Clotting^. — Clotting  may  he  induced  within  the  blood- 
vessels by  tl»e  tutroduetiou  of  foreign  particles,  either  solid  or  gaseous — for 
example,  air — or  by  injuring  the  inner  coat  of  the  bhxxi-vessels,  as  in  ligat- 
ing.  Tn  the  latter  case  the  area  injured  by  the  ligature  act.s  as  n  foreign 
Burface  and  ]>n>bablv  rauses  the  disintegration  of  a  numl>er  of  corpuscles. 
The  clot  in  (his  case  is  confined  at  first  to  the  hijureil  area,  and  is  known 
as  a  ''thrombus/'  Tntrnva-scular  clotting  more  or  less  general  in  occurrence 
may  l>e  produced  by  injecting  into  the  circulation  such  substances  as  leucocytes 
obtainetl  by  macerating  lymph-glands,  extracts  of  fibrin  ferment,  solutions  of 
nucleo-albumins  of  diBerent  kinds,  etc.  Act-ording  to  the  theory  of  iNiagu- 
latiou  ado|>ted  above,  injections  of  these  latter  substances  ought  to  cause  coagu- 
lation ver)'  readily,  siue-e  the  blo^xl  ahx-ady  tx>ntains  fibrinogen,  arid  needs  only 
the  presence  of  fermeut  to  set  up  coagulation.  As  a  matter  of  fact,  however, 
intravascular  clotting  is  pnxlueed  with  some  difficulty  by  these  methods,  show- 
ing that  the  Iwxly  can  protect  it«*elf  within  certain  limits  from  an  excess  of 
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ferment  in  the  circulating  blcMid.  Just  how  this  is  done  is  not  positively 
known,  but  there  is  evidence  that  it  may  be  due  mainly  to  a  defensive  action 
of  the  liver.  DcIeKonne^  states  tlmt  when  hlood-serum  is  eirciilatod  thmiig^h 
a  Hvrr  it  loses  its  fwjwer  f»f  iiithieing  eoagtdation  in  a  eoa<^ulable  liquid,  that  is, 
probably  \\a  contuinofl  fibrin  ferment  is  altered  or  destroyed.  It  seems  prob- 
a!»Ie  tiiat  this  action  of  the  liver  may  be  of  importance  in  ihe  normal  eireula- 
tion  in  maintaininj;!:  tlu'  n(ni-<;oagnlal)ility  oi"  the  blood  In  the  living  aiiiiuaL 
Moreover,  iiijei^tion  of  ieueoi^ytes  sometimes  diiuintshes  instead  of  increasing 
the  coaji:uIability  of  l>lood,  making  the  so-euUed  "negative  phase''  of  the 
injection.  To  explain  this  latter  fact,  it  may  be  said  that  ieiicoi^ytcs  give 
rise  ou  disintegration  to  u  complex  uucleo-protL-id  known  as  uueleo-histon, 
Nucleo-histon  in  tuni  ia  said  to  be  broken  up  in  the  circulation,  with  the 
form:itif»n  <)f  a  sectmd  mich'O-protcid,  leucinnu-lein,  that  favors  coagulation, 
and  a  protrJd  bn<ly,  liisfon,  tliat  lias  a  retarding  intiucnoe  on  coagulation. 
The  predominance  of  the  latter  substance  may  account  for  the  "negative 
phase"   nmler  the  conditions  described. 

Why  Blood  does  not  Clot  within  the  Blood-vessels. — The  reason 
that  blood  remains  fhii*!  wliile  in  the  livinj:  blmxl-vessels,  but  clots  quickly 
after  boinj^  shed  or  after  boin^jc  brought  Into  ('ontact  with  a  foreign  substance 
in  any  way,  lias  already  bei'u  stilted  in  describing  tin-  tluories  of  coagulation, 
but  will  be  restated  liere  in  more  cjitegijrical  form.  UrieHv^  then,  bIoo<l 
does  not  clot  within  the  blcMxl-vessela  because  librlu-fenneut  Is  not  present  in 
suificieut  fjuanlities  at  :iny  one  tijne.  Letiecx-ytes  and  blood-plates  probjibly 
disiutcgnite  luxe  niul  tluTc  within  the  circulation,  but  the  small  amount  of 
ferment  thus  formed  is  insufficient  to  act  upon  the  hloo*],  and  the  fernuut  is 
quickly  destroyed  or  ohaug<Hl,  proliably  by  an  action  of  the  liver  as  stated 
above.  When  bloiwl  is  shod,  however^  the  formed  clt'tiieuts  break  down  in 
mass,  as  it  were,  libemting  a  relatively  large  amount  of  nucleo-proteids, 
which,  together  with   the  calfinm  salts,  prmluee  fibrin  from  the  fibrinogen. 

Means  of  Haatening*  or  of  Retarding-  Coagulation. — DIoikI  c^jagulates 
normally  within  a  few  minutes,  but  the  process  may  l»e  hastcuf^d  by  increasing 
tiie  extent  of  foreign  surface  with  which  it  comes  in  contact.  Thus,  moving 
the  liquid  when  In  quantity',  or  ihe  appliciitiou  of  a  sjK>nge  or  a  haiulkerchief  to 
a  wound,  will  hasten  the  onset  of  clotting.  This  is  easily  understoo<l  when  it  is 
remembered  that  nucleo-proteids  arise  from  the  breaking  down  of  leucocytes 
and  bhuxl-plates,  and  that  tliese  eorpuH^les  go  to  jjieces  more  rapidly  when  in 
irontact  with  a  dead  surfai-e.  It  hns  been  proposwt  alsif  to  hasten  clotting  in 
case  of  hemorrhage  by  the  use  of  ferment  solutions.  Hot  sponges  or  cloths 
apydied  Us  a  wound  will  hasten  clotting,  probably  by  ai-ct^lejiitlng  ihc  formation 
of  feriuent  ami  the  chemical  changes  of  clottings  Co;igulation  may  be  rclaii.Ie<l 
or  be  prevented  alt<»gether  by  a  variety  of  means,  of  which  the  following  ar« 
the  mast  important : 

1.  Bn  Voolittg, — This  method  succeeds  well  only  in  bloml  that  clots 
slowly — for  example,  the  blood  of  the  horse  or  the  terrapin.     Blood  from 

*  Trawxux  de  Phjfgiotogie^  UiuTerait^  de  Montpellier,  1898. 
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tlief^e  nnimnls  percivo<l  into  narrow  vessels  snrrouwled  by  crnslicd  ice  may  be 
kept  fluid  for  au  indefiuite  time.  The  blood-corpuscles  soon  sink,  bo  that  this 
methoti  is  au  oxcvlleut  one  for  obtaining  pure  bloud-plasiua.  The  cooling 
probably  prevents  clotting  by  keeping  the  corpuscles  intact. 

2.  By  the  Action  of  NeiUral  Salts. — Blood  received  at  once  from  tlie  blood- 
vessels into  a  solution  of  sueli  neutral  salts  as  s(xtinm  sulphate  or  magnesium 
sulphate,  and  well  mixed,  will  not  t-lot.  In  this  case  also  the  corpuscles  settle 
slowly,  or  they  may  be  centrifngalized,  and  specimens  of  plasma  can  be 
obtaini^].  For  this  ]>nr]K)se  hoi-w's  or  cat's  blofnl  is  to  be  preferred.  Such 
pla'-;ma  is  known  as  '*s:ihwl  plasma  ;"  it  is  frequently  ushI  in  e3;|>eriments  in 
coajrulatiou — for  example,  in  testing  the  efficacy  of  a  given  ferment  solution. 
The  best  salt  to  use  is  MgSO^  in  solutions  of  27  per  i-ent. ;  1  part  by  volume 
of  this  solution  is  usually  mixetl  with  4  jKU'ts  of  blfMHl  ;  if  tat's  blood  is  used  a 
smaller  amount  may  l)e  taken — 1  part  of  the  solution  to  9  of  blood.  Sidted 
plasma  or  salted  bltKxl  again  clots  when  diluted  sulficiently  with  water  or  when 
ferment  solntions  arc  added  to  it.  How  the  salt?=s  prevent  coagulation  is  not 
detiijitely  known — i>osaihIy  by  preventing  the  disintegration  of  corpuscles  and 
the  formation  of  ferment,  possibly  by  altering  the  chemical  properties  of  the 
proteifls- 

3.  B^  the  Acfimi  of  Albnmme.  Sohttions. — Certain  of  the  pnxluets  of 
proteid  digt^stion,  peptones  and  albumoscs,  when  injected  into  the  circulation 
retard  clotting  for  a  long  time.  For  injection  into  dogs  one  uses  0.3  gram 
to  wu'h  kilngrjun  of  animal.  If  the  bI(Mxl  la  withdrawn  shortly  after  the 
injiM!tion,  it  will  rt^inain  fluid  for  a  long  time.  The  peptone  solutions,  on  the 
contrary,  have  no  effect  on  the  clotting  of  bicwjd  if  added  to  it  in  a  glass  out- 
side the  boily.  This  curious  action  nf  jH'ptoni'  liiis  been  nnioh  discussed.  In 
an  interestiiig  paper  by  Delczciine,  rclcrnd  tn  on  tlu'  previous  page,  tAvo 
imiwrtant  fact^j  are  brought  out  that  furnish  the  atithor  a  basis  for  a  credible 
thc<)r\' of  the  anticoa^ulating  cflr<'t  of  tlic  injections.  It  has  been  shown,  in 
the  iirst  place,  that  the  iK'ptonc  injections  cau.se  a  marked  and  rapid  destruc- 
tion of  blood  leucocytes.  Secondly,  that  if  blood  and  ]K*ptf)ne  are  circulated 
toijcther  through  a  living  liver  the  mixture  not  only  dncs  ni»t  clot  itself,  but 
will  j>revent  clotting  when  added  to  frL'shly  drawn  bknid.  The  hypothesis 
to  explain  these  facts  and  also  the  action  of  peptone  on  coagulation  is  that  the 
peptone  by  destroying  the  leucocytes  sets  frtn*  nucleo-prutcid  and  histon  (see 
p.  *)!);  the  fornuT  of  these  hv  forming  fibrin  fernient  wonld  promote  coagu- 
lation, but  in  passing  tltnnigh  th*-  liver  it  is  ilcstntycd  or  nciiindiKrd  in  simie 
way,  and  the  liiston  left  in  the  bhxMl  is  th(^  substance  that  ntanls  the  clot- 
ting. It  WfMdcI  1)1'  desinddi',  in  e*innrrtion  with  this  liypothcsis,  if  chem- 
ical proof  wert!  furnishe<l  tliat  liiston  is  pn-sent  in  the  blood  after  j>eptone 
injections. 

4.  Manv  other  orininic  substances  have  an  effect  similar  to  |H*ptone  when 
injected  into  the  circulation  or  in  some  ciises  when  mixed  with  shed  blood. 
For  example^  extracts  of  leech's  head,  extracts  of  the  muscle  of  the  crayfish, 
the  scrum  of  the  eel,  a  number  of  bacterial  toxins,  ami   many  of  the  soluble 
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enzymes  such  as  pepsin,  trypsin,  diastase,  etc.     Tlie  liyjK>tliesis  used  to  ex- 
plain the  actiun  of  peptone  nuiy  possibly  nppH*  alw>  *<►  these  cases. 

6.  By  the  Action  of  Oxahiie  Sofntiontt. — If  1>Io<k1  nn  it  flows  fpf>m  the 
vessels  is  mixed  with  sahitioris  of  polussium  or  sudium  oxalate  iu  proportion 
sufficient  to  make  a  total  strength  of  0.1  per  cent,  or  more  of  these  salts, 
coajrulation  will  be  prevcnt(Hl  entirely.  Addition  of  an  excess  of  water  will 
not  |>ro<Uu'e  clotting  in  this  case^  but  solutions  of  soiue  soluble  calciuru  salt 
will  ipiiokly  start  the  process.  The  explanation  of  the  action  of  tlie  oxalate 
solntiims  is  sini|>le:  tlicy  arc  supposed  to  precipitate  the  calcium  as  insoluble 
calcium  oxalate. 

Total  Quantity  of  Blood  in  the  Body. — The  total  quantity  of  blood  in 
the  body  has  been  determine*!  approximately  for  man  and  a  number  of  the 
lower  animals.  The  niethml  use«i  in  such  determinations  consists  essentially 
in  first  bleeding  the  animal  as  thoroughly  as  pos'iible  and  weighing  the  quan- 
tity of  blood  thus  obtained,  and  afterward  washing  out  the  blood-vessels  with 
water  aud  estimating  the  amount  of  htemoglobiu  in  the  washings.  The  results 
are  as  follows:  Man,  7.7  per  cent,  (^)  of  the  bi»dy-weight ;  ihat  is,  a  man 
weighing  68  kilos,  has  al}Out  5236  grams,  or  4965  cc,  of  blood  in  his  body; 
dog,  7.7  per  cent.;  rabbit  and  eat,  5  j:)er  cent. ;  new-born  humau  being,  o.26 
per  cent.;  and  birds,  10  per  oeut.  More(»ver,  the  distril>utioQ  of  this  hlood 
in  the  tissues  of  the  body  at  any  one  time  has  been  estimated  by  Ranke,'  from 
experinieuts  on  freshly-killed  rabbits,  as  follows: 

Spleen 0.23  per  cent. 

Brain  and  cord 1.24  "  " 

Kidneys 1.63  "  " 

Skin 2.10  "  " 

Intestines 6.30  "  - 

Bane« 8.24  "  " 

Hearty  lungs,  and  great  blood-vessels 22.76  "  " 

Keating  muscles 29.20  "  " 

Liver 29.30  "  " 

It  will  be  seen  from  ins|)ection  of  this  table  that  in  the  rabbit  the  blo<xl  of 
the  body  is  distributed  at  any  one  time  about  as  follows :  oue-fourth  to  the 
heart,  lungs,  and  great  blood-vessels;  one-fourth  to  the  liver;  one-fotnth  to 
the  resting  museles ;  autl  oa*vf(Hirth  to  the  remaiuiug  organs. 

Regeneration  of  the  Blood  after  Hemorrhag'e. — A  large  portion  of  the 
entire  quantity  of  blool  in  the  body  may  be  lost  smldeidy  by  hemorrhage 
without  producing  a  fatal  result.  The  extent  (if  hemorrhage  ttjat  can  be 
recovered  from  safely  has  been  investigated  u|X)n  a  number  of  animals. 
Altluniirh  the  results  show  more  or  less  individual  variation,  it  can  l)e  said 
that  in  dogs  a  hcnuuTliage  of  from  2  to  IJ  per  cent,  of  the  body-weight^  is 
recovered  from  eiisJly,  while  a  loss  of  4.6  per  cent.,  more  than  half  the  entire 
blood,  will  probably  prove  fatal.    In  cats  a  hemorrhage  of  from  2  to  3  per 

*  Taken  from  Vierordt'  &  A  nalvmiaehf^  pkjfstoh'jixht  und  physikatUche  DaXen  und  ToMIol,  Jeaa» 
1893. 

'Fredericq  :  Travaiu  Ju  LcJtoniioire  (  Univernii  He  LU^t),  18Sd|  t.  i.  p  189. 
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cent,  of  the  bcrdy-weigbt  is  not  usually  followed  by  a  fatal  result.  Just  what 
percentage  of  loss  can  be  borne  by  the  human  being  has  not  been  deter- 
mirie<l,  but  it  \a  probable  that  a  lioahhy  individual  may  recover  without 
Beriau.s  di^culty  from  the  loss  of  u  qiiuntity  of  bliKHJ  uiiiountiiig  to  uh  much 
as  3  per  cent,  of  the  body-weight.  It  is  known  that  if  liquids  that  are  iso- 
tf>nic  to  the  blotwl,  such  as  a  0.9  per  cent,  solution  of  NaCl,  are  irijectetl  into 
the  veins  immediately  after  a  severe  hemorrhage,  recovery  will  he  more  certain ; 
in  fact,  it  is  possible  by  this  means  to  restore  persons  after  a  hemtvrrhage  that 
would  otherwise  have  been  iatal.  In  addition  to  the  nu-clianical  effects  on 
blooil  pn'ssure  such  an  infusinn  tendn  to  put  into  circulatiou  all  the  red  cor- 
puscles. Ordinarily  tfie  number  of  rod  corpus<.'les  is  greater  titan  that  net^es- 
sary  for  a  barely  sutlicient  supply  of  oxyf^en,aud  increasing  the  bulk  of  liquid 
in  the  vessels  after  a  severe  licinoi-riiage  makes  more  effective  as  ox yg^jn -carriers 
the  remaining  n*d  (Mrptiscles,  innsniiioli  as  it  insures  a  more  rapitl  circulation. 
If  a  hemorrhuge  has  not  been  faUil,  experiments  on  lower  animals  show  that 
the  plasma  of  thf  bltHHl  Is  regcueratfd  with  great  rapidity,  the  bhvod 
regaining  its  normal  volume  within  a  few  hours  in  slight  hemorrhages,  and 
in  from  tweiity-foiir  to  forty-eight  hours  if  the  loss  id*  blood  has  been 
severe;  Imt  the  number  of  ixxl  corpusides  and  llie  hicuntjjlobin  are  regenerated 
more  slowly,  getting  back  to  normal  only  after  u  uuiiiber  of  day**  or  after 
several  weeks, 

Blood-transftision. — Shortly  after  the  discovery  of  the  circulation  of  the 
bhwxl  {Ifarvcy,  lti2H),  the  t»|K*ration  was  intrcMluivd  of  tnmsfusitig  bltMnl  from 
one  ituliviJual  to  arjuther  or  fnjui  some  of  the  lower  auimals  to  man.  Ex- 
trav:igunt  hopes  wei*e  held  as  to  tlie  value  of  sueh  transfusion  not  only  as  a 
means  of  replacing  the  blood  lost  by  hemorrhage,  hut  also  as  a  cure  for  various 
inHrmities  and  diseases.  Then  and  suhswjueiitly,  fatal  as  well  as  sueccssftil 
results  followed  the  operation.  It  is  now  known  to  be  a  dangerous  under- 
taking, mainly  for  two  reasons:  iirst,  the  strange  hlo*xl,  whether  tnujsfused 
directly  or  after  detibrination,  is  liable  to  contain  a  quantity  of  fibrin  ferment 
sufficient  to  cause  intravasctdar  clotting;  secondly,  the  serum  of  one  animal 
nuiv  be  toxic  to  another  or  cause  a  destruction  of  its  hltHHl-corpuscles,  Owing 
to  this  globulicidal  and  toxic  action,  which  has  previously  been  referred  to 
(p.  36),  the  injcctiim  of  foreign  bloo4l  is  likely  to  be  directly  injurious  instead 
of  beneficial.  In  cases  of  loss  of  blood  from  severe  hemorrhage,  thi-refore,  it 
is  far  safer  to  inject  a  neutnd  liquid,  such  as  the  so-called  "  pliysiological  salt- 
solution  " — a  solution  of  NaCl  of  sucii  a  strength  (0.9  per  cent.)  as  to  be  iso- 
tonic with  the  hlotHl-s^Tuni.  The  volume  of  the  circulating  li<)vad  is  thereby 
augnu-ntetl,  and  :ill  the  red  corpuscles  are  made  more  efficient  as  oxygen- 
carriers,  jMirtly  owing  to  the  fact  that  the  hulk  and  velo^Mty  of  the  circulation 
are  increased,  and  partly  because  the  corpuscles  are  kept  from  stagnation  in  the 
capillary  areas. 
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Some  Preliminary  Considerations  upon  the  Processes  of  BifiPusion  and 
Osmosis,  and  their  Importance  in  the  Nutritive  Exchanges  of  the 
Body. 

In  recent  3'ears  the  physical  conceptionKof  the  nature  of  the  processes  of  diffusion  and 
OHftiosis  have  changed  considcrahly.  As  these  newor  cmiceptloiia  are  enteriup  largely 
into  current  medical  literalurc,  it  seems  advisable  lu  give  a  brii'f  deseri]itLon  of  them 
for  (he  UMe  of  thof*e  ^tu^lentii  of  physiology  who  may  be  uuucquaiiite*!  with  the  modern 
nonieuclature.  The  very  limited  space  that  can  be  devoted  to  the  subject  forbids  aiiy- 
tliing  more  than  a  condensed  elementary  presenta-tion.  For  fuller  information  reference 
must  be  made  to  special  iroatidca.^ 

I)!ffuJii(jn,  Dia/ygU,  and  0«mo«la.~\\\\en  two  gases  are  brought  into  contact  a  homo- 
geneous mixture  of  the  Lwo  i»  soon  obtained.  This  interpenetration  of  the  gases  is 
ffpoken  of  as  difl'usion,  and  it  is  due  'to  the  cnntiriua.1  movement,'*  of  the  gaaeoua 
molocnle;*  to  and  fro  witliin  the  liitiita  of  the  confining  Bpaco.  i^o  also  when  two  niia- 
cibie  liquids  or  solutions  are  brought  into  contact  a  ditluaiou  ocourd  fur  the  same  reason, 
the  moven»ent«  of  the  molecules  finally  etfecting  a  homogeneous  mixture.  If  the  two 
liquids  happen  to  be  st'paraled  by  a  membrane,  diffu-tinn  will  »lill  occur,  provided  the 
nieiiibraiie  ii*  permeable  to  the  liquid  nmltriile;*,  and  in  time  ihe  liquids  on  the  two  aides 
wiil  be  mixturfH  having  a  uniform  enmpoaition.  Not  only  water  moleculci^,  but  tlie  mole- 
cules of  nmny  substances  in  sohitjoti,  i-uch  as  migar,  may  paj^s  to  and  Iro  tlirougli  niem- 
brauesi,  so  that  two  liquids  separated  from  eacli  other  by  nn  intervening  membrane  and 
originally  urdike  in  composition  in  ay  finally,  by  theactnl'difTu-'icm,  come  to  have  the  same 
composition.  Piffusion  of  this  kind  through  a  membrane  is  frequently  spoken  of  as 
dialysis  or  osniosiH.  In  the  body  we  deal  with  aqueoutt  Hohition:*  of  various  substances 
that  are  separated  from  each  other  by  living  membranes,  hucIi  as  the  walls  of  the  blood- 
capillaries  or  of  the  alimentary  cantd,  and  the  laws  of  ditlusion  through  membranes  are 
of  immediate  importance  in  explaining  the  passage  of  water  and  dissolved  aubstancea 
through  these  living  septa.  In  aqueous  solutions  such  as  we  have  in  the  body  we  must 
take  into  account  the  movements  of  the  molecules  of  the  solvent,  water,  as  well  as  of  the 
substances  dissolved.  These  latter  may  Imve  diHercut  degrees  of  ditfusibility  as  compared 
with  one  another  or  with  the  water  molecules,  and  it  frei|uently  hajipens  that  a  membrane 
that  is  permeable  to  water  molecules  is  less  permeabln  or  even  impermeable  to  tlie  mole- 
cules of  the  substances  in  solution.  For  this  reason  the  diffusion  stream  of  water  and  of 
the  djsfolved substances  may  be  dilferentiated^  as  it  were,  to  a  greater  or  less  extent.  In 
recent  years  it  seems  to  have  become  customary  to  limit  the  term  osmosis  to  tlie  stream 
of  water  molecules  passing  tlirough  a  membrane,  while  the  term  dialysis,  or  dilHision,  is 
applied  to  the  jiassage  of  the  inoleeuh-a  of  tlie  j<ubstances  in  solution.  The  osmotic 
stream  of  water  under  varying  conditions  is  especially  iinportunt,  and  in  connei'tion 
with  this  process  it  is  neces'sary  to  define  tlie  term  osmotic  prt'ssure  as  applied  to 
solutions. 

Osmoti'.  Prcsgure. — If  we  imagine  t^vo  masses  of  water  separated  by  a  permeable 
mendirane,  we  can  readily  understand  that  as  many  water  molecules  will  pass  through 
from  one  side  ,is  from  the  other;  the  lvv(j  streams  in  fact  will  neutralize  each  otJier,  and 
the  volumes  of  the  two  masses  of  water  will  remain  unchanged.  The  movement  of  the 
water  molcrules  in  this  case  is  ntit  actually  observed,  but  it  is  aj^sumed  to  take  pLace  on 
the  theory  that  the  liquid  molecules  are  continually  in  motion  and  that  the  membrane, 
being  permeable,  offers  do  obstacle  to  their  movements.  If,  now,  on  one  side  of  the 
membrane  we  place  a  solution  of  some  crystalloid  substance,  such  as  common  salt,  and 
on  the  other  side  pure  water,  then  it  will  be  found  thai  an  excess  of  water  will  pass  from 

*  Consnlt:  H.C.  Jones,  The  Thmry  of  ^teirolytie  DiMociation,  1900;  "  Diffusion,  f>smo6is,  and 
Filtration."  by  K.  W.  Keiil,  in  SchiifyrV  Texi-imvk  nf  Pfn/tiuffofjt/,  1898;  Sttlution  and  KUctrottjns^ 
by  W.  (\  D.  Whethain,  Cambridge  Natural  Science  ManuatSf  1895. 
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the  waUr  aide  to  tlit;  side  contuining  tlie  HDlulton.  In  iIjo  nldpr  terminology  it 
was  Haid  that  the  salt  attracted  this  water,  but  lit  the  newer  theories  the  ffame  fact  is 
exprebned  by  uayiug  that  tlie  sail  in  ttolution  exerts  a  certain  oHniotie  pressure,  in  con»e- 
quenco  of  which  more  wat^r  (lows  from  the  water  side  to  the  Kide  of  the  aolutiou  than  in 
the  reverse  direction.  A«  a  nuitter  ot"  experiment  il  is  found  that  the  osmotic  pressure 
varies  with  the  amount  of  ihe  suhntance  in  solution.  If  in  cxiirrinienl--*  of  tJiis  kind  a 
seuii-peruieahle  nieuihraue  is  chosen — that  is,  u  nu-nibrane  ihul  is  pernu'ahk'  to  tlie  water 
molecules,  hut  not  to  the  mo!eculc8  of  the  substancu  in  solution— the  btream  of  water  to 
the  side  of  the  crystalloid  will  continue  until  the  hydrostatic  pressure  on  this  side 
reaches  a  certain  point,  and  the  hydrostatic  prcHsmre  thus  caused  may  be  taken  aa  a 
nieowure  of  tlie  ot^itiiitic  [>rcssure  exerted  by  the  substance  in  solution.  Undi^r  these  con- 
ditioiif*  it  can  he  sliowti  that  thi.'  osmotic  pressure  \&  propurtiihnal  to  the  concentration  of 
the  !*olutiiiii,  or,  in  otlitr  wnrds,  to  the  nuuiber  ofmoU-cules  and  ions  of  the  crj'stalloid  in 
solntion.  A*  a  matter  of  fact  it  isdiHicult,  if  not  impossible,  to  construct  membranes 
that  are  truly  semi -permeable;  most  of  the  niemhrancfl  that  we  have  to  use  in  practice 
are  only  approximately  semi-permeable — that  in,  while  they  are  readily  permeable  to 
water  molecules,  they  are  also  pernifable,  although  with  ntore  or  less  difileully^  to  the 
substaiicoR  iu  solution.  In  such  cases  we  get  an  osmotic  stream  of  water  to  the  side  of  the 
disHolved  crystaUoid,  but  at  llu-  Haiiir  time  the  niolccnlcs  of  the  latter  p:is.s  to  some  extent 
thnnt^'h  the  membnuiL',  by  dilTusion,  to  tlie  water  side.  Iu  course  of  time,  therefore,  the 
dissolved  cryslatloid  will  be  eipmlly  dlstrilmted  on  the  two  Hides  of  the  membrane,  the 
osmotic  pressure  on  both  sides  will  become  equal,  and  osmosis  of  the  water  will  cease 
to  be  apparent,  sifice  it  will  he  equal  in  the  two  directions.  All  substances  in  solution  are 
capable  of  exerting  osmotic  prc?<>uri\  and  the  ini(Kirtant  discovery  had  been  made  that 
the  osmotic  pressure,  mea.-'Urcd  in  terms  of  atiiiosphere«  or  tlie  prciisure  of  u  ctdumn  of 
water  or  mercury,  is  equal  to  the  pas  prfsstire  that  would  be  exerted  by  a  number  of 
molecules  of  gas  equal  to  that  of  tlie  crystalloid  in  solution,  if  confined  within  the  same 
space  and  kept  at  the  same  temperalnre.  A  perfectly  satisfactory  explanation  of  tlie 
nature  of  osmotic  pressure  has  not  been  furnished.  We  must  be  ctjntcnt  Iu  wni^  the  term 
to  express  the  fact  described.  A  comp:iralively  simple  cx[>IaMation,  however,  has  been 
suggcrited,  which  lias  the  great  merit  of  referring  th<'  wlude  phenomenon  to  the  molec- 
ular movements  of  the  solvent  and  of  the  snbstanre  dis->i<ilved — that  is,  to  llio  Bame 
ultimate  cau»c  tliat  brings  about  the  entire  process  of  dilTusiun  in  liquids.  Tlie  nature 
of  this  explanation  may  be  underwtnod  from  a  eimple  illustration.  8upiHwe  that  we 
have  a  aolutiou  of  cane-sugar  separated  from  a  mass  of  water  by  a  8e«ii-i>ermeable  mem- 
brane— that  is,  in  this  case  a  membrane  permeable  to  the  water  molecule  hut  nctt  to  the 
sugar  molecules.  Under  these  conditions  the  stream  of  water  from  the  two  sides 
will  be  unequah  because  oii  the  one  side  we  have  water  molecules  moving  against 
the  nietiibrane  in  what  we  may  call  normal  numbers,  while  on  the  other  side  both  water 
and  sugar  molecules  may  be  considered  as  striking  against  the  membrane.  On  this  aide 
the  sugar  molecules  screen  the  membrane,  as  it  were,  from  contact  with  a  certain  num- 
ber of  water  molecules,  and  the  nsnli  follows  that  in  a  given  unit  of  time  fewer  mole- 
cules of  water  will  [>eiK'!rate  the  njembrane  from  this  ^ide  than  from  the  other;  or,  tp 
put  it  in  another  way,  the  <>:*mntie  stream  of  water  fnmi  the  unscreened  water  side  to  the 
sUgnr  side  will  be  greater  than  in  the  reverse  direction.  ITpon  this  hy]>(>thesis  one 
can  readily  sec  why  the  osmotic  pressure  sliould  be  proportional  to  the  number  of  mole- 
calca  of  the  crystalloid  iu  the  solution — that  ia,  to  the  concentration  of  the  eolution.  It 
is  a  nuitter  of  great  imporlance  to  measure  the  osmotic  pressures  of  v.irious  solutions. 
As  w;is  stated  above,  this  nieiwurement  could  be  made  easily  for  any  solution  provided 
a  really  semi-permeable  membrane  could  he  ronstrurled.  As  a  matter  of  experience, 
however,  it  ia  possible  to  make  such  membrones  in  only  n  few  cases,  and  in  these  cases 
perhaps  the  semi-penneability  is  only  approximately  complete.  In  actual  experiments 
other  methods  mtM  be  employed,  and  a  brief  statement  of  a  theoretical  and  a  practical 
method  of  arriving  at  the  value  of  osmotic  pressures  may  be  of  service  in  further  illus- 
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trating  the  nieaning  of  the  term.  Before  stating  the»e  Dieiliod»  it  becomes  necessary  to 
deline  two  terms,  namely,  electrolybes  and  gram-molecular  solutions,  that  are  much  used 
iu  this  connection. 

Electrahjais. — Tlic  uioleculea  of  many  substances  when  brought  into  a  state  of  solution 
are  believed  to  be  dijwociated  int<i  two  or  more  parts,  known  as  ions.  The  complete- 
ness of  the  dissorifltion  viiries  with  tlic  Kulwtance  used,  anfl  for  any  one  substance  with 
the  dcgrree  of  dilution,  Roughly  apcukin^,  the  greater  the  dilution  the  more  nearly 
complete  is  tht)  diBsouiation.  The  ioan  liberatfd  by  this  act  of  dissociation  are 
charged  with  electricity,  ai.d  when  an  electrical  current  is  led  into  such  a  solution  it  is 
conducted  through  the  solution  by  tlie  movcment«  of  the  ions.  The  molecules  of  per- 
fectly pure  water  undergo  pnietically  no  dissociation,  and  water  therefore  does  not  appre- 
ciably contluct  the  eb'ctrical  current.  If  some  NaCl  is  dissolved  in  water,  a  certain  num- 
ber ot"  its  molecules  become  dissociated  into  a  Na  iou  charged  positively  witli  electricity 
and  a  CI  ion  charged  negatively,  and  ibe  solution  becomes  a  conductor  of  the  electrical 
current.  Hnbstances  that  exhibit  this  property  of  dissociation  arc  known  as  electrolytes, 
to  distinguish  them  from  other  solulilii  substances,  such  as  sugar,  that  do  not  dissociate 
in  solution  and  therefore  do  not  cunduct  the  electrical  current.  Speaking  generally,  it 
may  be  said  that  all  sails,  bases,  and  acids  belong  to  the  group  of  electrolytes.  The  con- 
ception of  electrolytes  is  very  imjM)rlunt  for  the  reason  ihul  the  act  of  dissociation 
obviously  increases  the  number  of  particles  moving  in  the  siflution  and  thereby  increases 
the  osmotic  pressure,  since  it  has  been  found  experimentaHy  that,  so  fur  as  osmotic 
pres-sure?*  are  concerned,  an  ion  plays  the  siame  part  ivi  a  molecule.  It  follows,  there- 
fore, that  the  osmotic  pressure  nf  any  given  electrolyte  in  solutiim  will  be  increased  in 
proporttim  to  the  degree  to  wliich  it  is  ilissnciatcd.  Aa  the  li<|uid?*  of  the  bndy  contain 
electroiytcfi  in  srdutinn  it  becomes  necessary  in  estimating  their  osmotic  pre3.-*uro  to  take 
this  fact  into  consideration. 

Gram'moltcular  Sitfufions.— Tins  concentration  of  a  given  substance  in  solution  may 
be  stated  by  the  usual  method  of  percentages,  but  from  the  standpoint  of  osmotic  press- 
ure a  more  convenient  method  in  the  use  of  the  unit  knnwn  as  a  gnim-molecubir 
solution.  A  gram-molecule  of  any  substance  is  a  quantity  in  grams  of  the  substance 
c<jnal  to  its  moleculur  weight,  while  a  gram-molecular  soIu]Ieiii  is  one  containing  a  gram- 
molecule  of  the  9ubi<tanee  to  a  liter  of  the  solution.  Tlui*  a  gram-molecular  solution  of 
«odium  chloride  is  one  containing  58.5  grama  (Na  23,  CI  35,f^)of  thesalt  to  a  liter,  while  a 
grain-molecular  solution  of  cane-sugar  contains  342.1  grains  (C„H„0,,)  to  a  liter.  Sim- 
ilarly a  gram-molecule  of  H  is  2  grams  by  weight  of  this  gas,  and  if  this  weight  of  H  were 
compressed  to  the  volume  of  a  liter  it  would  be  com[>arHblc  to  a  gram-niiolecular  sohition. 
Since  the  weight  of  a  molecule  of  II  is  to  t)ie  weight  of  a  molecule  of  cane-sugar  iis  2  is 
to  342.1,  it  follows  that  a  liter  containing  2  grams  of  H  contains  the  same  numher  of 
molecules  of  H  in  il  as  a  liter  of  solution  containing  342.1  grams  of  .'^ugar  has  nf  sugar 
molecules.  Since  it  is  known  that  a  molecule  in  solution  cxerte  un  osmotic  pressure 
that  is  exactly  cjual  to  the  gas-preasure  exerted  by  a  gas  molecule  moving  in  the  same 
space  and  at  the  same  teni|>crature,  we  are  justified  in  saying  that  the  osmotic  pressure 
of  a  gram-molecular  solution  of  cunc-sugnr,  or  of  any  other  substance  that  is  not  an 
electrolyte,  is  equal  to  the  ga.s-pre)*.snre  of  2  prams  of  H  when  compressed  to  the  volume 
of  1  liter.  This  fact  gives  a  means  of  calculating  the  osmotic  pressure  of  aolutiona  in 
certain  cases  according  to  the  following  method  : 

C\ihulatimi  of  the  Ommfit  l^eMure.  of  Sotutionif. — To  illustrate  this  method  we  m«y 
take  a  simple  problem  such  as  the  dcterminatirm  of  the  osmotic  pressure  of  a  1  per  cent. 
Hidutiun  of  cane-sugar.  One  gram  of  H  at  atmospheric  pressure  occupies  a  volume  of 
11.16  liters  ;  2  grams  of  H,  therefurc,  niuler  the  same  conditions  will  occupy  a  vftluine  of 
22.32  liters.  A  gram-molecilc  of  H — that  is,  2  grams  of  H — when  brought  lo  the  volume 
of  1  liter  will  exert  a  gas-pressure  equal  to  that  of  22.32  liters  compressed  to  1  liter — that 
is,  A  pressure  of  22.32  iitmospheres.  A  gram-molecular  solution  of  cane-sugar,  since  it  con- 
tains the  same  number  of  moh^cules  in  a  liter,  must  therefore  exert  an  osmotic  pressure 
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equal  to  22.:)2  atmoepherca.     A  I  per  cent  solution  of  cane  Bugar  contains,  however, 
only  10  grauiti  ofbugar  to  a  titer,  hence  the  osmotic  prc^Hure  of  the  sugar  in  such  a  solu- 
tion will  be  "  — —  of  22.32  atmospheres,  or  0.65  of  an  atmosphere,  which  in  lerma  of  a 
o42.1 

column  of  mercury  would  give  700  X  O.fiS  =  494  mm.  This  figure  exprewes  the 
osmotic  pressure  of  a  1  per  ceiiU  solution  of  canc-fugar  when  dialj'zed  against  pure 
water  through  a  iiieiiibraiie  iriifK^rmeable  to  the  sugar  iiioleculeg.  In  such  an  experi- 
ment Wfttt-r  would  [las*  to  the  sugar  side  until  the  hydrostatic  pressure  oa  this  side  was 
in(.Tea.se<l  hy  an  amount  e<jual  to  the  pressure  of  a  coluoin  of  mercury  494  mm.  high. 
Certain  additional  calculations  that  it  is  necesaary  to  make  for  the  temperature  of  the 
solution  need  not  be  specified  in  this  connection.  If,  however,  we  wisheil  to  apply  thia 
metliod  to  the  calculation  of  the  osmotic  pressure  of  a  given  solution  of  an  electrolyte, 
it  would  be  necessary  first  to  itseertaiu  the  degree  of  dissociation  of  the  electrolyte  into 
its  ionrf,  since,  as  was  said  above,  dissociation  increases  the  number  of  parts  in  solu- 
tion and  to  the  same  extent  increases  osmotic  pressure.  In  the  body  the  liquids  that 
concern  us  contain  a  variety  of  substances  in  solution,  electrolytes  aa  well  as  non- 
electrolytes.  In  order,  therefore,  to  calculiate  the  osmotic  pressure  of  such  complex  j«o1u- 
tiona  it  would  be  necessary  to  ascertain  the  uinr>unt  of  each  substance  preaent,  and,  in 
the  case  of  electrolytes,  the  degree  of  disHnciation.  Under  experimental  conditions  such 
a  calculation  is  practiratly  imiK>ssible,  and  recourse  must  be  had  to  other  methods.  One 
of  the  simplest  and  most  e:wily  applied  of  these  methods  is  the  determination  of  the 
freezing-point  of  the  solution. 

Determination  of  Osmotic  Prnsure  by  Mean$  of  the  Freezing-point, — This  method 
depends  upon  the  fact  that  the  freezing-point  of  water  is  lowered  by  substance^  in  solu- 
tion, and  it  has  been  discoveritl  that  the  amount  of  lowering  is  proportional  to  the  number 
(if  parts  (molecules  and  ions)  pre-iciit  in  lUv  s^jlution.  Since  the  osmotic  pressure  is 
al^o  proporliffHal  to  the  number  of  parU  in  M<»lution,  it  is  convenient  to  take  the  lowering 
of  the  fret'7.in^'-poiiil  of  a  solution  as  an  index  or  measure  of  its  osmotic  pressure.  In 
practice  a  simple  ujiparatus  (Beckmunn'n  apparatus)  is  used,  consisting  essentially  of  a 
very  delicate  and  adjuHtabie  differential  thermometer.  By  means  of  this  instrument 
the  freexing-point  of  pure  water  is  first  ascertained  upon  the  euifiirical  scale  of  the 
thermometer.  Tlie  freezing-point  of  the  solution  under  examination  is  then  determined, 
and  the  number  of  degrees  or  fraclionis  of  a  degree  by  which  its  freezing-point  is  lower 
than  that  of  purt*  water  is  noted.  The  lowering  of  the  freezing-jioint  in  degrees  centi- 
grade is  expre-^seii  u'lually  by  the  symbol  A.  For  example,  mammalian  blood-serum 
gi\'es  A  =^  0.56"  C.  A  0.95  percent,  solution  of  NaCl  gives  the  same  A ;  hence  the  two 
solutions  exert  the  same  osmotic  pressure,  or,  to  put  it  in  anotlier  way,  a  0.95  per  cent, 
solution  of  NaCl  is  isotonic  nr  inL»!*motic  with  inamrTiulian  serum.  The  A  of  any  given 
solution  may  be  expre<*ed  in  terms  of  a  grnni-mokiuhir  solution  by  dividing  it  by  the 
constant  1.87,  since  a  gram-moleruliir  sr>ln1ion  of  h  nfm-*'leetrolyle  is  kn'»wn  to  lower 
the  freezing  point  1.87*  (■.    Thus  if  blood-Rerum  gives  A  =  0.5<>°  C,  its  concentration  in 

terms  of  a  gram-molecular  solution  will  be  r^-,  or  0.3.     In  other  words,  blood-serum 

has  0.3  of  the  osmotic  pressure  exerted  by  a  gram-molecular  solution  of  a  non-electro- 
lytc — that  is,  22.82  x  0.3.  or  6.(»%  atmospheres. 

Rnniirh  upon  thr  AppHcntion  of  the  Forrgoinrj  Facfs  in  Phytiotogy. — In  the  body  water 
and  suhMtances  in  »o!utit)n  are  eontinually  passing  through  membranes,  for  L'Xjinijple,  in 
the  production  of  lymph,  in  the  absorption  of  water  and  digested  food-stufi's  from  the 
nlimeutary  canal,  in  the  nutriiivo  exchanges  between  the  tiaaue-elemeuts  and  the  blood 
or  lymph,  in  the  pnwluction  of  the  various  secretions,  and  so  on.  In  these  eases  it  is  a 
matter  of  the  grt.'ate>*t  iliiliculty  to  give  a  satisfactory  exj^lanation  of  the  forces  control- 
ling the  How  to  and  fro  of  the  water  and  dissolved  substances;  but  there  can  be  little 
doubt  that  in  all  of  them  the  physical  forres  of  filtration,  ditl'uaion,  and  osmosis  take  an 
important  part.     Whatever  can  be  learned  therefore  concerning  theae  proceascs  must  ia 
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tho  find  h.'Lve  an  impnrtnnt  bearing  iipou  tlic  explarmttcrti  of  tbe  nutritive  exchanges 
between  the  blood  and  tiwHw*.  8ome  additional  facta  mjiy  be  mentioned  to  indicate 
the  apidicationfl  that  are  made  of  these  procesj*ci*  in  explaining  phy^iolopical  phenomena. 

Osmotic  Prenfitre  of  i*rotrids. — Tlie  namotic  prtissure  exertoti  by  cryi»ialloitlft,  euoh  aa 
the  ordinary  soluble  salt?*,  i*,  as  we  have  st-en,  very  considerable,  but  the  ready  dilfnsi- 
bility  of  most  (*{  these  sall.s  tiiroiigli  aniiiiiil  trieinbranp.s  limita  very  materially  their  influ- 
eneo  upon  tiie  tlow  of  water  in  the  body.  Thu-*  if  we  fhonlil  inject  a  strong  !«)IiiLion  of 
common  ?alt  lUrectly  into  the  blond-vessfU,  the  tirst  etleel  would  be  the  setting  up  of  an 
osmotic  stream  from  the  tiswues  to  the  blood  and  tho  pro<luc*tion  of  a  condition  of  hydrienuc 
plethora  within  the  blood-vesseLs.  The  Miilt,  however,  would  soiui  ditfuKe  ont  into  the  tis- 
sues, and  to  the  degree  that  this  necurred  itscireetindilutingthebirnidwniikllead  to  dimin- 
ish heeaufte  the  part  of  the  salt  that  ^oi  into  the  extra-vtu^eular  !yni]"li->^i'iKU'u  wouhl  now 
exert  an  osmotic  ])res4*ure  in  (he  opposite  direction,  drawing  water  from  the  blood.  Tiiis 
fact,  together  with  the  further  fact  that  an  exrejw  of  Malts  in  the  body  is  sotm  removed  by 
the  excreting  organs,  gives  to  atieh  suhataneca  a  Hnmller  influence  in  directing  the  water 
stream  than  would  at  fir^t  be  supposed  when  the  intensity  of  their  ot*inotic  action  is  con- 
Kidered.  In  addition  to  Ihe  crystalloids  the  liquids  of  our  bodies  cuut-^iin  also  a  certain 
aumunt  oC  pn^teid,  the  blood,  especially,  contaiuing  over  G  per  cent,  of  this  substanee.  It 
hu*  been  generally  awumod  that  protoids  in  noUition  exert  little  or  no  f^niotic  pn^saure, 
but  St4irling  ^  and  others  have  claimed,  on  the  contrary,  that  proteida  in  sohition  exert  a 
distinct  although  «mall  osmotic  pressure,  and  it  is  probable  thnt  this  fact  is  of  8i>ecial 
importance  in  absorjition  because  the  proteiAs  do  not  diffuse  or  ditTuse  with  great 
difficulty,  and  their  effect  remaiaf*  therefore,  so  to  speak,  as  a  permanent  faetor.  Accord- 
ing to  Starling,  the  osmotic  pressure  exerted  by  the  proteids  of  scrum  is  etjual  to  about 
30  mm.  of  merenry.  That  the  osmotie  presj^ure  of  the  werunt  proteids  is  ao  small  la  not 
surprii^ing  if  we  remember  the  very  high  molecular  weight  of  this  substance.  In  serum 
the  proteids  are  present  in  a  eotieentration  of  about  7  per  cent.,  hut  owing  to  their  large 
molecular  weight  comparatively  few  protcid  molecules  are  present  in  a  solution  of  thia 
concentration :  and  assuming  that  the  dissolved  proteid  follows  the  laws  discovered  for 
crystalhdds  its  osmotic  pressure  would  depend  upon  the  number  of  moteeulea  in  solu- 
tion. Br  means  of  this  weak  but  constant  osmotic  pressure  of  the  indifliHible  prnieid 
it  is  possible  to  explain  the  fart  that  an  isotonic  or  even  a  hypertonic  sohition  of  diffus- 
ible crystalloid  may  be  coniplet^ely  absorbed  by  the  blood  from  the  peritoneal  cavity. 

Ijtotonic,  Hyf^criomr^fiJiti  jlfjpoionlc  Solutions. — In  physiology  the  (wmotic  pressures 
exerted  by  various  solutions  are  compared  Uitualiy  with  that  of  the  blood-serum.  In  this 
sense  an  isotonic  or  iHO«»niotir  Hohition  is  one  having  an  osmotic  pressure  equal  to  that 
of  serum,  a  hypertonic  or  hyperosmotic  solution  is  one  whose  osmotic  pressure  exeeeds 
that  of  f^erum,  and  a  hypotonic  or  hyposmotic  solution  is  one  whose  osmotic  pressure  is 
less  than  that  of  senim. 

Diffusion,  or  Diaiy^u,  of  Sohtbk  Cimftituetitn.—lf  two  liquids  of  unequal  concentration 
in  a  given  constituent  are  separatefl  by  a  membrane  entirely  permeable  to  the  djss^dved 
molecules  of  the  substance,  a  greater  number  of  these  uiuleeules  will  piLs.i  over  from  the 
more  concentrated  to  the  less  eoncentrnted  side,  and  in  time  the  composition  will  be  the 
sameon  the  twosidesof  the  membrane.  Diffusion  of  ^lllui^1enm^<t  itueiits  continually  takes 
place,  therefore,  from  the  points  of  greater  concentration  to  thoseof  less,  and  this  may  hap- 
pen quite  independently  of  the  direelion  of  the  osmotic  stream  of  water.  If.  for  instance,  a 
0.9  percent,  solution  of  sodium  chloride  is  injected  into  the  peritoneal  cavity,  it  will  enter 
into  diffusion  relations  with  the  blood  in  the  blood-vessels;  its  concentratinn  in  sodium 
chloride  being  greater  than  that  of  the  blood,  the  exeess  will  tend  to  ])a>-«  intn  the  Idood. 
while  sodium  carbonate,  urea,  sugar,  and  other  soluble  orystalloidal  substanees  will  pass 
from  the  blood  into  the  salt  solution  in  the  peritoneal  cavity.  Thnmgh  the  action  of 
thisprocessof  diffusion  we  can  understand  how  certain  constituents  of  the  blood  may  pass 
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Co  the  tissaes  of  varioua  glands  in  nmnunU  greater  than  could  be  explained  if  we  sup- 
posed that  the  lymph  of  these  tieksues  wo^  derived  solely  by  6Urutiun  from  the  blood- 
plasma.  (See  p.  I'l  tor  an  illustration.)  Another  important  conception  in  this  con- 
nection is  the  possibility  that  the  cnpilliiry  w&lU  may  be  permeable  in  different  degrees 
to  the  varioua  Boluble  eonstituenta  of  the  blood,  and  furthermore  the  poiaibility  that 
the  permeability  of  the  cafullary  walU  m;iy  vary  in  ditferent  or^unii.  With  regard  to 
the  lirMl  possibility  it  h:i»  been  i^hown  l>y  Kotli  ^  lluit  the  bluud-caiiiUaries  are  more  per- 
meable lo  the  urea  moleculw  than  to  sugar  or  NaCt.  With  thf  aid  of  thesie  facts  it  is 
possible  to  explain  in  large  measure  the  transpartntion  of  material  from  the  blood  to 
the  liKsucA,  and  mce  verm.  For  example,  to  follow  a  line  of  reanoning  used  by  Koth,  we 
may  »»uppe>ae  tliat  the  functional  iuitivity  of  the  tiiwue-elenicnta  is  attetided  by  a  con- 
Bumptiun  of  material  which  in  turn  is  made  gotHJ  by  the  dissolved  m<deeulij!H  in  the 
tiw^iK'-lytriph.  The  eonocntratiun  of  the  latter  ia  thereby  lowered,  and  in  eoiisf'i]ni'nee  a 
difTudion  Ptreani  of  these  r^ubstjinceH  \i«  st-t  up  with  the  in(>re  concentrated  Idood,  In  this 
way,  by  dillusion,  a  c<inc*laiit  t*upply  of  dissolved  material  is  kept  in  motion  from  the 
blo<Mi  to  the  tissue-elements,  On  the  other  band,  the  functional  activity  of  the  tissue- 
elemenl^  is  accompanied  by  a  breaking  down  of  the  complex  proteid  molecule  with  the 
formation  of  simpler,  more  fttable  molecules  of  crystalloid  character,  such  as  the  sul- 
piiates,  idioHphat<'s.  and  urea  or  some  preenrsor  of  «n*a.  As  thesi-  Imdirs  pas-s  into  the 
tissiu*4ymt>h  tlu'v  lend  to  increase  itij  inotecuiar  concentration,  and  thu."  by  the  jrreater 
osmotic  |ire?-sure  which  they  exert  strvc  to  attract  water  fnun  the  blood  to  the  lymph, 
forming  one  eliicient  f;ictor  in  the  production  of  lymph.  <>n  the  other  hand,  as  these 
substance*  accumulate  in  the  lymph  to  a  concentration  (greater  than  that  |>osse»sed  by 
the  same  substances  in  the  blood,  they  will  difftisc  toward  the  blood.  By  this  means  the 
waste-products  of  activity  are  drawn  otf  to  the  blood,  from  wliieh  in  turn  ihoy  are 
removed  by  the  action  of  the  excretory  ory::inH. 

lUffunifm  Ttf  Protri»U. — This  simple  exphioation  nn  purely  physical  grounds  of  the 
flow  of  material  between  the  blood  and  the  tissues  can  <mly  be  applieil,  however,  at 
present  U*  the  ditTusible  ery-stalloids,  such  as  the  salts,  urea,  aiul  sugar.  The  proteids  of 
the  blood,  which  are  supposed  to  be  .so  important  for  the  nutrition  of  the  tissties,  are  prac- 
tically iiiditlusible,  so  far  as  we  know.  It  is  diflicult  to  explain  their  j>assage  from  the 
bl*M(d  thrduifh  the  capillary  walls  into  the  lymph.  Provisionally  it  may  be  assumed 
tiiat  this  passage  is  due  to  fiUrntion.  The  blood-phisma  in  the  cii|iillaries  is  under 
a  sUphtly  higher  pressure  than  the  lym|4i  of  the  tissues,  and  this  higher  pressure  tends 
to  squeeze  the  blood-constituents,  including  the  proteid,  through  the  capillary  walls. 
This  explanation,  however,  cannot  be  said  to  be  satis  factor)',  and  in  this  resju'ct  the 
purely  pbyj*ical  th<w>ry  of  lymph-formation  wails  upon  :i  clearer  knowledge  of  the  nature 
of  the  nutritive  proteids  and  their  relations  to  the  capillary  walls. 


LYMPH. 

Lymph  is  a  colorless  liquid  found  in  tlie  lymidi-vesscls  as  wdl  as  in  tlie 
extnivHscular  sj)ac*>s  of  the  body.  All  tlie  tisfstie-olements,  \i\  fact,  may  l>e 
rejjanled  as  being  bathwl  in  lymph.  To  imdcrHtand  its  oerurn/iioo  in  tbebotly 
one  basonlvto  boar  in  niiud  its  method  of  orij^in  from  the  bbuvd.  Tiiniiij/lioitt 
th(!  *'ntin'  body  thrrt'  is  a  ricfi  RUpply  of  l»li>od-ver*stds  |H'nrlnitiiig  every  tihstie 
with  the  exception  of  the  epidermis  and  some  epidermal  struetares,  ns  the  nails 
and  the  hair.  The  plastna  of  tin-  l)lrMMl,l)y  the  action  of  pliysiojil  or  cbemicid 
processes,  the  details  of  wbicb  nri*  not  vet  cnttrrly  undtTstciod,  niakos  its  way 
thnmj^h  the  tbiii  walls  of  the  eujullnncs,  and  is  tljiis  brought  into  immcMliute 
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contact  with  the  tiRBiios,  to  which  it  hrinjfH  the  nourishment  and  oxygen  of 
\\w  blood  and  from  wliii-h  it  removes  the  wattte-pnKhicte  of  metal>olism.  Thw 
extravasculur  lymph  is  c*»ll<vtcHl  into  small  capillary  .*»pfiuvi»  that  in  turn  i»|K'n 
into  dftinite  lymphatic  vt^wols.  Thest*  ves4M?lfl  unite  to  larjrtT  ami  largiT 
tnmkB^  forming  eventually  one  main  trunk,  the  thoracie  or  let\  lymphatic 
duct,  and  a  iiecnnd  smalh-r  right  lymphatic  duct,  which  o|H'n  into  the  hhxHl- 
veseels,  each  ou  its  own  side,  at  the  junction  of  the  i-uLxluviaii  and  intcnml 
jugular  veiuB.  While  the  supply  of  lymph  in  the  lymph- vessels  may  Ik*  (Hinsid- 
eredaslM?ingdcnve<l  ultimately  entirely  fmiii  the  hlo4Hl-)ilasma,  it  is  well  lolimr 
in  mind  that  at  any  given  moment  this  supply  may  Ik'  altered  hy  direct  iiit<*r- 
change  with  the  plasma  on  one  side  and  the  extra vasindar  lyiupii  |>ermeating  the 
tissut^-elenients  on  the  other.  The  intravawridar  lymph  may  he  angmento<l, 
for  example,  by  a  flow  of  water  from  the  plasma  into  the  lyniph->paccs,  or 
liy  a  flow  from  the  tisisue-i'iementpi  intt»thc  lymph-spaces  that  jiurruund  them. 
The  lymph  movement  is  from  the  tissues  to  the  veins,  and  the  flow  is  nntin- 
t:iined  chiefly  by  the  ^litferemH?  in  pressure  between  the  lymph  iit  its  nri^in  in 
the  tissues  and  in  the  large  lymphatic  vessels.  The  continual  formation  of 
lymph  in  the  tissues  leads  to  the  development  of  a  relatively  high  pressure  in 
the  lymph  capillaries,  and  im  a  residt  of  this  the  lymph  is  forced  towanl  the 
point  of  lowest  pressure — namely,  the  points  of  junction  {i^  the  large  lymph- 
ducts  with  the  venous  system.  A  ftdler  discussion  of  the  factors  <'oncern«l  in 
the  movement  of  lymph  will  l>e  found  in  the  section  on  Circulation.  As  would 
be  inferred  fnmi  its  origin,  the  (H^)m[K»esitlon  t»f  lymph  is  cssentirdlv  the  same  as 
that  of  blood-plasma.  Lymph  contains  the  three  Uood-proteids.  the  extractives 
(urea,  fat,  lecitliin,  cholestcriu,  sugar),  and  inorganic  salts.  The  salts  are  found 
in  the  same  pro|>oriions  as  in  the  plasma  ;  the  pi*oteids  are  less  in  amount,  esiK*- 
cially  the  tihrimtgeu.  Lymph  i'«.tagnlates,  but  does  so  more  slowly  and  less 
firmly  than  the  blood.  liistokigically,  lymph  citnsists  of  a  colorless  liquid  con- 
taining a  number  of  leucocytes,  ami  after  meid-;  a  mnul>er  of  minute  fat-<lro|)- 
lets;  red  blo<Kl-ooq)Uscles  avur  ctnly  nwidentally,  and  blood-plates,  an-ording 
to  most  accounts,  are  likewise  iKirmally  absent. 

Formation  of  Lymph. — The  (-areful  researches  of  Ludwig  and  his  pupils 
were  formerly  JK'iicvctl  to  prove  that  tlie  lymph  is  derived  directly  from  tlie 
phisma  o'f  the  hloo*l  mainly  by  flltrntitm  through  the  capillaiy  walls.  Emphasis 
was  laid  on  the  nndoubtiil  fact  that  the  blood  within  the  capillaries  is  under 
a  pn'ssnrt^  higher  than  that  prevailing  in  the  tissues  outside,  and  it  was  sup- 
j>ose<i  that  this  excess  of  pressure  is  sutticient  to  s^pieezc  the  plasma  of  the 
bl<M>l  through  the  very  thin  capillary  walls.  Various  conditions  that  alt^-r 
the  pressure  of  the  bloo*l  were  shown  to  influence  the  amount  of  lymph 
i'onned  in  acconlance  witli  the  demands  of  a  thcor}*  of  fillnuion.  M(>re- 
over,  the  com|>osition  of  lymph  as  usimlly  given  seems  to  support  such  a 
the«»ry,  iua^mucii  as  the  iuorgjinic  nilts  containtnl  in  it  an*  in  the  same  concen- 
tration, apprr»ximately,  as  in  blmKl-plasma,  while  the  protcids  are  in  lesscon- 
ctf'ntration,  following  the  well-known  law  that  in  the  fdtratinn  of  colloids 
through  animal  membranes  the  liltrate  is  moro  dilute  tJian  the  original  solution. 
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also  biMiMLM  more  watery^  thus  indicating  that  the  increne  m 
fix4n  the  tifinion  thetnadveB.  Heidenbain  designated  tbesp  bodies 
m  "  Ijifiiifcogiii  p  of  tlie  aeoood  dass."  HLs  explanation  of  their  acdoo  is 
lint  dK  OTirtaUaid  luataiak  intradiiced  into  the  blood  are  eliminated  br  the 
acdritr  of  the  endochelta]  cells,  and  that  thev  then  attract  water 
tbe  iwmix  \\\  ini  iit»,  thiH  aa>ni>cnting  the  flow  of  lymph.     These  sab- 

bat  little  change  in  arterial  blood-pres»ure,  hence  Heidenhain 
tboQgfat  tbai  tbe  greater  flow  of  lymph  could  not  l>e  explained  by  an  inrreased 
Shtstioo.  ScarUtig'  baa  shown,  however,  that,  although  these  l)odie4  may  nnC 
■erioQiir  alter  general  arterial  pressure,  they  may  greatly  augment  intracapil- 
iaij  preeaore,  particnlarly  in  the  abdominal  or^ns.  His  explanation  of  the 
groUT  flowVff  lymph  in  these  cases  is  as  follows :  **  On  their  injection  into 
tbe  blood  the  osmotic  preeetire  of  the  circulating  fluid  is  largely  imTeased.  In 
oon:5ef|ueoc»?  of  thi-H  increase  water  is  attracted  from  lymph  and  tissues  into  the 
bWid  by  a  prrKsess  of  osmosis,  until  the  osnujtic  preseui^  of  the  circnlating 
fluid  is  restored  to  normal.  A  condition  of  hydnemie  plethora  is  thereby  pro- 
duced, attended  with  a  rise  of  pressure  in  the  capillaries  generally,  especially 
in  those  of  tlie  abdominal  viscera.  This  rise  of  pressure  will  be  proportional 
to  tbe  inmatse  in  the  volume  of  the  blood,  and  therefore  to  the  osmotic  pres- 
aare  of  the  sftlution?^  inject<.'*l.  The  rise  of  capillary  pressure  causes  great 
increase  in  the  transudation  of  fluid  from  the  capillaries,  and  therefore  in  the 
lymph-flow  from  the  thoracic  duct."  This  explanation  is  well  supi>ortefI  by 
exfM7riments,  and  secerns  to  obviate  the  necessity  of  assuming  a  secretory  action 
on  the  part  of  the  capillary  walU, 

5.  One  of  the  most  interesting  facts  develoj>ed  by  the  experiments  of  Hei- 
denhain  and  hii^  pupils  is  that  after  the  injection  of  sugar  or  neutral  salts  in 
the  blood  the  |x?rceMUige  of  the^e  «ul)stance^  in  the  lymph  of  the  thoracic  duct 
may  be  greater  than  in  the  blood  itself.  It  is  obviously  difficult  to  explain 
bow  this  can  occtir  by  filtration  or  difl'usion,  sine*  it  seems  to  involve  the  pas- 
sage of  crystalloid  Ixxiie^  from  a  less  conwMitrate<l  to  a  more  contvutratetl  solu- 
tioD.  Cohnstein  '  has  eudeavoreil  to  show  a  fallacy  in  these  results.  He  con- 
tends that  since  it  requires  sfime  time  (several  minutes)  for  the  lymph  to  form 
and  pass  into  the  thoracic  duct,  it  is  not  justiflable  to  com(jarc  the  quantitative 
oompwition  i}^  specimens  of  blood  and  lymph  taken  at  the  same  time.  If  one 
eoni[iares,  in  any  given  experiment,  the  maximal  percentage  in  the  blood  of 
the  substance  injected  with  its  maximal  peroontagf*  iu  the  lymph,  t]»c  latter 
will  be  found  to  l»e  lower.  This,  however,  does  not  seem  to  be  the  case  iu  all 
the  experiments  reported.  The  work  of  Mendel  *  with  so<lium  iodide  seems  to 
establii^h  the  fad  that  when  this  .-^ilt  is  injected  slitwly  its  nwximni  percentage 
in  tlie  Ivmpli  mav  exceed  that  in  the  bhunl ;  and  iu  the  ex|>criuients  matle  by 
Cohmitein,  as  well  as  those  by  jMendel,  it  is  shown  that  the  percentage  of  the 
substance  in  the  lymph  remains  uUne  that  in  the  blood  throughout  most  of 
tbe  experiment.     In  (his  point,  ihercfttre,  there  seems  to  be  a  ruil  tlitliciilty  ia 

'  Op.  til.  ^Arthivfiir  dUi  g^tnmmtf  PSyxioloffie,  1894-&5,  Bde.  lix,,  Ix,  and  liii. 
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the  direct  application  of  the  laws  of  filtration  and  diffusion  totht*  expliitmtinn 
of  the  composition  of  lymph,  hut  it  is  a  point  uj)on  which  more  information 
is  ntHvs-sirv  i>ofort?  it  alotu*  fiin  he  arrcpt^'d  as  a  basis  for  a  scrrrtion  tlicorv. 
Mfanu-liih?  it  st'ems  en  id»'nt  that  in  spite  (»f  the  ver\*  valimble  work  of 
Hcidenhain,  wfiich  lian  iidde<l  so  much  to  our  knowledge  of  the  conditions 
inHuenoin^  the  formation  of  lymph.  tl»e  e\'ist<'nco  of  a  delinito  secretory 
aetivity  of  the  endothelial  cells  of  the  capillaries  has  not  been  pi'ovcil. 

Summary  of  the  Factors  Controlling  the  Flow  of  Lymph. — We  niay^ 
thcrefjre,  adopt,  pnn'isionally  at  leiu?t,  the  &o-callc<l  mechanical  thcriry  of  the 
orijrin  of  Ivniph.  U|vmi  this  thcorv  ilic  forces  in  activity  ur(\  lirst,  the  intra- 
capillarv  pressure  lendin^^  to  filter  the  plasma  ihiHiii^li  the  eiidiitlulial  eells 
com|MJAinir  the  walls  of  the  capillaries;  second,  the  force  uf  <!itfii.>3ion  de|U'nd- 
in^  njxin  the  inequalitv  in  chemieal  com[M)sitioti  uf  the  bl(HK!-[»lasnia  ami  the 
licpiid  outside  the  capillaries,  or,  on  the  other  side,  hi'tween  this  ti^piid  arul 
th«  cont4?nts  of  the  tjjwue-eleinents ;  third,  the  foree  of  osmotic  pressure. 
Thene  three  fon^es  aetinjr  ever^-where  coutntl  |>nmarily  the  amount  ami  com- 
ptisition  of  the  lymph,  but  still  atiotfur  factor  must  be  consitlered.  For  whi-n 
we  come  to  examine  the  flow  of  lymph  in  different  parts  of  the  IhmIv  striking 
differences  are  foun<l.  It  has  be4'U  shown,  for  instance,  that  in  the  limbs, 
under  normal  conditions,  tlie  flow  is  extremely  scanty,  while  fr*)m  the  liver 
and  the  intestinal  area  it  is  n^lativelv  aitundant,  In  fact,  the  lymph  of  the 
thoracic  duct  may  be  considerfMl  as  being  derived  almost  entirely  from  the 
latter  two  reierione.  Moreover,  the  lymph  from  the  liver  is  chanietorizi'd  by 
a  greater  percentage  of  proteids.  To  account  i'or  these  dilfercnces  Starling 
«ugjrests  the  plausible  explanation  of  a  variation  in  permeability  in  the  capil- 
lary walls.  The  <*apillarles  seem  to  have  a  similar  strueture  all  over  the 
body  so  far  as  this  is  revealed  to  us  by  the  microscoj>e,  but  the  fact  that  the 
lyraph-flow  varies  so  much  in  tpiantity  and  composition  indieatcs  that  the 
•timilarity  is  only  superficial,  and  thnr  in  different  orgims  the  capillarv  walls 
may  have  diflerent  internal  etnutnrcs.  and  ihcn'fon*  <liiferent  iK-riiit^ibilitics. 
This  factor  is  evidently  one  of  great  importance.  From  the  foregoing  con- 
siderations it  is  evident  that  changes  in  capillar}- pressure,  however  pnxluced, 
may  alter  the  flow  itf  Ivmph  fn>ni  the  bhxid-vesscls  to  the  tissues,  bv  inen'n.'i- 
ing  or  deereasitig,  as  the  ease  nuiy  be,  the  amount  of  filtnition  ;  changes  in 
the  composition  of  the  bloo<I,  such  as  follow  pTio<ls  of  dig<»p(tion,  will  cause 
diffusion  and  osmotic  streams  tcndhig  to  e(|ua1ize  the  com|>ositittn  of  bl(K>*l 
and  lymph  ;  and  chang<'s  in  the  tissues  theujselves  following  u|ion  physio- 
logical or  [Kithological  activity  will  also  disturli  the  eqnilibriimi  of  c-om]x>si- 
tiou,  )in<l,  therefore,  set  up  diffusion  and  osmotic  eurrenfs.  In  this  way  a 
continual  interchange  is  taking  place  by  means  of  which  the  nutrition  of  ihe 
tissues  is  efleeted,  eai'h  according  to  its  nee<ls.  The  details  of  this  inten*hange 
must  of  neccs-^ity  be  very  complex  when  we  ccmsidi-r  the  |M»ssibilities  of  loral 
effects  in  diffeix'ut  jKiris  of  the  body.  The  total  efle<'ls  of  general  clmnges, 
such  aft  may  be  pnnlnecd  exfM'rimentally,  are  simpler,  f\w\y  as  we  have  s<'en, 
are  explained  satisfactorily  by  the  physicul  and  chemical  factors  cnumenite<l. 
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This  simple  ami  uppareutly  .siitisiuetory  tlieory  hus  been  siiUjected  to  critical 
examiiKUi(.»n  within  i*ecfnl  year.-^.  and  it  has  been  hliftwii  that  fiUratinn  alone 
does  not  tJuifice  to  explain  the  <'oaijiosition  of  the  lymph  uikIit  all  circnm- 
stances.  At  present  two  <livergoiit  views  are  held  upon  the  subject.  Aa-ord- 
ing  to  some  physiologists,  all  the  tacts  known  with  regard  to  the  composition 
of  lymph  may  be  ^itisfaetorily  expluin«l  if  we  sup|)osc  tluit  (his  liquid  is 
fnrmcd  rniin  bltHnl-pLi-^nia  by  the  combiurd  action  of  the  physical  processes 
of  tiliratinnj diffusion,  :ihd  osmosis.  According;  toothers, it  is  believed  that, in 
addition  to  filtrjlion  ■.wnl  dif!nsinn,it  is  m'<Tssiiry  lo  assume  an  active  secretory 
pnx'ess  on  the  part  of  the  endotlielial  ci-lls  composing  the  ciipillury  walls.  A 
discussion  upon  these  jioints  is  in  progress  in  current  physiological  literature, 
and  it  is  iin[)ossible  to  Ibrrsi-e  definitely  what  the  <tiitrome  will  he,  sine*'  a  final 
conulusion  can  be  readied  only  Ijy  repeated  e-xperimentul  iiivestig^atiiMis.  The 
actual  condition  of  our  knowledge  4if  the  subject  can  be  jiresenteil  most  easily 
bv  brieliy  stating  snTne  <if  the  nfjjeetjons  that  have  been  raised  by  llei^Ien- 
hain  '  to  a  pure  tiltnilirui-aiid-dtfl'usion  theory,  and  indicating  how  these  objec- 
tions have  been  met. 

!.  Heidenhain  shows  by  simple  calculations  tliat  an  impossible  formation 
of  lymph  would  bi'  re(ptired,  njioii  the  tiltration  th(v*rv,  to  siipplv  the  eheniieal 
needs  of  the  organs  in  various  organic  and  itnngunie  eonstitnents.  Thus, 
to  take  UD  illustration  that  has  l>ec»  much  discussed,  one  kil<^ram  of  cows' 
milk  contains  1.7  gnims  CaO.  and  the  entire  milk  of  tweaty-fuur  lioni-s  would 
contain  in  round  numl)ers  42.5  grams  CaO.  Since  tlie  lymph  cojitaius  nur- 
nmlly  about  0.18  jiarts  of  CaO  per  tliousaud,  it  would  rt^piire  236  liters  of 
lymph  per  day  to  supply  the  necessary  CaO  (o  the  mammary  glands.  Heiden- 
hain himself  suggests  that  the  ililiiculty  in  this  case  may  be  met  by  assuming 
active  diffusion  pn>c(;s_ses  in  connection  with  filtration.  If,  for  instance,  in  the 
case  cited,  we  suppose  that  the  CaO  of  the  lymph  is  quitikly  combined  by  the 
tissues  of  the  n)aminary  gland,  then  the  tension  of  wdcium  salts  in  the  lymph 
will  be  kcjjt  at  /cro,  and  an  active  difl'usion  of  ciileiujn  into  the  lynijih  will  <jccur 
so  long  as  the  gland  is  seei-etiug.  la  other  words,  the  gland  will  receive  its 
calcium  by  nuu-h  the  same  process  as  it  receives  its  oxygen,  an<l  will  get  its 
tiuily  supply  from  a  companitivcly  small  bulk  of  Ivmpii.  Strictly  spraking, 
therefore,  the  difficulty  we  are  <!enling  with  here  shows  only  thi*  iti.'^iitlicieney 
of  a  pure  filtiittiou  tluory.  It  sei-niH  possible  that  filtrati<ju  and  difliision 
together  would  sutfiec  to  su[iply  the  organs,  so  far  at  least  as  the  dttlusible 
substjinces  are  concerned. 

2.  Hcideidiain  fcnmd  that  oeelusiou  of  the  inferior  vena  cava  causes  not 
only  an  increase  in  the  flow  of  lymph — as  might  be  expecte<l,on  the  filtration 
theory,  from  the  conse(pient  rise  of  pressure  in  the  capillary  regions — but  also 
an  inerea8<?<l  amcentratiim  in  the  percentage  of  proteid  in  the  lymph.  This 
hitter  fact  has  been  satisfartorilv  exph*ine<l  by  the  experiments  of  Starling.' 
Accoi*ding  to  this  observer,  the  lympii  formed  in  the  liver  is  normally  ]m»i*e 

'  ^rcAir  fur  die  gejuimmU  Phtfsudtjffir,  1S91,  Bd.  xlix.  8. 20U. 
^  Journal  of  Phifiiotwj\fy  18H  vol.  ivL  p.  234. 
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■cfjiiceutrated  than  that  of  the  rw^t  of  the  bocly.  The  occlusion  of  the  vena 
cava  causes  a  marked  rise  iu  the  capillar}'  pretiHure  in  the  liver,  and  most  of 
the  increased  lyinph-flow  under  tliese  cirt-uuistauces.  comes  from  the  liver, 
hence  the  greater  concentration.  'V\w  rasnlt^  of  this  ex|K*rimeiit,  therefore,  ilo 
not  antagonize  tlie  filtration-aud-ditru:^iou  theor}*. 

3.  Heidcnheit»  disrovered  that  extracts  of  various  8u1)8tance£  which  he 
•designated  as  **  lympliiigogues  of  the  tii'st  class*'  cause  a  marked  increase  In  the 

tlow  of  lymph  from  the  thorueic  duet,  the  lym|)h  heing  more  concentrated  than 
normal,  and  the  jni'ivaseil  liow  continuing  for  a  long  i)enod,  Xeverthele^, 
these  subejtanceji  (.•Jiuse  little,  if  any,  increase  in  general  arterial  pressure;  in 
fact,  if  injected  in  sufficient  quantity  they  jjroduce  usually  a  fall  of  arterial 
pressure.  The  !?ul>8tauce:^  belonging  to  this  class  compriHe  such  tilings  as  jm^jh 
tone,  egg-albumin,  extracts  of  liver  and  intestine,  and  esptvially  extnicts  of  the 
muscles  of  cral^s,  crayfish^  mussels,  and  liHrht^.  Heidonhain  sup|M)sed  that 
iWirAt  extracts  contain  an  organic  sulislance  which  acts  as  a  s|)ecific  stinuiUis  to 
the  endothelial  cells  of  the  t-apillarit^s  and  increases  their  fieei*etorv  action.  The 
results  of  the  action  of  these  substances  has  l>eeij  differently  explaiiunl  by  those 
who  are  unwilling  to  l»elieve  in  the  secretion  theory.  Stapling^  finds  cx|>eri- 
mentally  that  the  increasetl  flow  of  lymph  in  this  case,  as  after  ob.^truction  of 
the  vena  cava,  comes  rnaiuly  from  the  liver.  Tliere  is  at  the  same  time  in  the 
portal  area  an  inei-easetl  pressure  that  may  account  in  jwirt  for  the  greater  flow 
of  lymph  ;  but,  since  this  effeei  ii[M>n  the  |M>rtal  pre-s.sure  lasts  but  a  short  time, 
while  tlie  greater  flow  of  lyrufih  may  ctuitiuue  for  one  or  two  hours,  it  is 
obvious  that  this  factor  alone  dues  not  sufficx*  to  explain  the  result  of  the  injec- 
tions. Starling  suggi-sts,  therefore,  that  these  extracts  act  pathologically 
apon  the  blood-eapillnries,  pariicularly  tliose  of  the  liver,  and  reiuler  lliem 
more  |iermeable,  so  that  a  gix-ater  quantity  of  concentratetl  lymph  lilters 
through  them.  Starling's  explanation  is  supported  by  the  experiments  of 
*o[»ofl'.*  Aecimling  to  this  obsiTvcr,  if  the  lyinpli  is  cidhvteil  simulta- 
'aeously  from  the  lower  |>ortion  of  the  thoracic  *luct,  wbtch  conveys  the  lympli 
from  the  aUh^minal  organs,  and  from  the  upjxT  |)art,  which  contjiins  the 
Ivmph  from  ihn  hwul,  neck,  etc.,  it  will  he  found  that  injecti<m  of  ]H']Unm* 
ijicreuscs  the  fl(»\v  from  only  the  abdominal  organs.  Po|K>fff  finds  also  that 
the  pc*ptone  causes  a  dilatation  in  the  intestinal  circulation  and  a  marked  rise 
in  the  portal  pn*ssure.  At  the  same  time  there  is  some  evidence  of  injury  to 
the  walN  of  ihr  bhtoil-vcssels  from  the  occurrence  of  extravasations  in  the 
intestine.  As  far.  ther(»fore,  as  the  action  of  the  lymphagognes  of  the  first 
olaM)  iH  concerned,  it  maybe  8:iid  that  the  a<lv<>eatesof  the  filtr.ition-and-diffu- 
sion  theon,'  luive  suggested  a  plausible  explanation  in  accord  with  their  theory. 
The  facts  emphasized  bv  Hci<lcnhain  with  regard  lothischtss  of  substances  do 
not  compel  us  to  assume  a  secretory  function  for  i\w  emlothelial  cells. 

4.  Injection  of  certain  crystalline  substances,  such  as  sugar,  XaC1,  ami 
other  Qcutnd  salts,  causes  a  markt-il  increase  in  the  flow  of  lymph  from  the 
thoracic  duet.     The  lymph  in  these  casea  is  more  dilute  than  nornuil,  ami  the 

*  /««nui/  ofPh^olntry,  1894,  vol.  xvii.  p.  30.     >  OniraAlaaJ^  Pkfmalogie^  1895,  Bd.  ix.  Xa  2. 
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blood-plasma  also  becomes  more  watery,  thus  indioatiug  that  the  increase  id 
water  comes  from  the  tissues  themselves.  Ileidt^iihaiu  designated  these  bodies 
as  **  lymphagf^iics  uf  tho  .soc<3nd  class."  Hh  explanation  of  their  action  is 
that  (he  crystaMoid  materials  iiitroduocd  into  the  hloud  arc  cli ruinated  by  the 
secretory  activity  of  tlie  endothelial  cells,  and  that  they  theu  attract  water 
from  the  tissue-elements,  ihns  augnicntin;^  the  How  of  Iym]>lK  These  siil>- 
stances  «iuse  Init  little  change  in  arterial  bloo<i-prcssiire,  hence  Heidenlmin 
thought  (hat  the  greater  flow  uf  lympli  coidd  not  he  explained  by  an  increased 
filtration.  Starling'  ha-*  shown,  I^nveviir,  that,  altliongli  these  bixlies  may  not 
seriously  alter  general  arterial  pressure,  they  may  grciilly  augment  intraciipil- 
Inry  pressure,  particularly  in  the  abdominal  organs.  His  explanation  at'  the 
greater  flow 'of  lymph  iu  these  cases  is  as  follows:  *' On  tlu^ir  injection  into 
the  blood  the  osmotic  pressuix?  of  the  circulating  fluid  is  largely  increasetl.  In 
cons^^quenci'  of  thi.s  intTetL-n;  water  is  altnicte*!  from  Ivmph  and  tissues  into  the 
blood  by  a  pn>oess  of  osmosis,  until  the  osmotic  pressure  of  the  circulating 
fluid  is  i*estoi*ed  to  normal.  A  condition  of  hydraniuc  plethora  is  thereby  pro- 
duced, attended  with  a  rise  of  pressure  in  the  uipillaries  generrdly,  i^.-iptvially 
in  those  of  the  abdominal  viscira.  Tins  rise  of  pressure  will  ha  proportional 
to  the  increase  in  the  volume  of  the  bloml,  and  tlierefoi*e  to  the  osnmtic  pres- 
sure of  tlie  scjlutious  injected.  The  rise  of  capillary  pressure  causes  gix-at 
increase  in  the  transudation  of  fluid  from  the  capillaries,  and  therefore  in  the 
Ivmpli-flow  from  the  thoracic  du<'t."  This  exphmation  is  well  snpporlcil  bv 
ex|jerimentSj  and  six^nis  to  obviate  the  necessity  of  assuming  a  scereton*  action 
on  the  part  of  the  <'apillary  walls. 

5.  One  of  the  most  interesting  facts  develoix'd  by  the  experiments  of  Hei- 
denlmin and  his  pupils  is  that  after  the  injection  of  sngtir  or  neutral  salts  in 
tliL'  IiKhmI  tlie  [>ero('ntage  of  these  substances  in  tfie  lymph  of  the  thoracic  duct 
mav  ix>  greater  than  in  the  bloorl  itself.  It  is  obviously  ditticult  to  exjdain 
how  this  cjin  iycvnr  by  fihratiim  i)r  di(rusii)n,  since  it  seems  to  involve  the  pas- 
sage of  cr\'stalloid  bodies  from  a  less  Cdneentratetl  to  a  more  concentratetl  solu- 
tion. Cohustehi^  has  endeavored  to  sliow  a  fallacy  in  these  results.  He  con- 
tends that  since  it  re(juin.s  yomc  time  (several  minutes)  for  the  lympli  to  form 
and  pass  into  the  thoracic  duct,  it  is  not  justifiable  to  compare  the  quantitative 
comjiosition  of  s|)eciraens  of  blood  and  lyni]>li  taken  at  the  same  time.  If  one 
compares,  in  any  given  exf>eriment»  the  maximal  pi-r^'cntage  in  the  blood  of 
the  substance'  injected  with  its  maximal  pen^ntage  in  the  lymph,  the  latter 
will  be  fouinl  to  1k'  h>wer.  Thist  however,  (k»es  not  seem  to  be  the  case  in  all 
the  exj>erinients  re|K>rted.  The  work  of  MendeP  witli  sotliuni  iodide  seems  to 
estabbsh  the  fact  that  when  thi.>  silt  is  injccteil  ^louly  its  maxiniid  pcri*entage 
iu  the  lymph  may  excised  that  iu  thu  blood;  and  in  the  experiments  made  by 
Cohustein,  as  well  as  those  by  Mendel,  it  is  shown  that  the  percentage  of  the 
substance  in  the  lymph  remains  alH>ve  that  in  the  bhxi<l  ihrouglumt  most  of 
the  experiment.     In  this  jxiint,  therefore,  theix*  seems  to  be  a  real  difliculty  in 

'  Op.  tit.  * Archir  fur  die  QtMunmie  Phyn'ohfp'r,  1894-95,  Bde.  lix.,  Is.  tind  IxW. 

*  JoHmai  0/  Pht/piclwnt,  18»fi.  vol.  iix.  yi.  2^ 
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the  direct  application  of  the  laws  of  filtration  ami  (litTiision  to  thr  explanation 
of  the  comiKwsition  of  lymph,  but  it  is  a  point  u|K»n  which  more  information 
ij*  ncot'Hsjirv  iM-forc  it  altmi'  ciin  Iti*  actM-plcd  as  a  hayjin  for  a  stM^rrtion  tlirorv. 
Mi>anwhil»!  it  Keenis  fvi<k"nt  tliat  in  spite  oi'  the  ver)*  valmible  wi>rk  of 
Hoitlonliain,  which  has  a«I<led  so  much  to  our  knowledge  of  the  conditions 
InHuencinif  the  formation  of  lymph,  the  existence  of  a  definite  secretory 
activity  of  the  cndijdiciial  cells  of  the  capillaries  hiis  not  been  proved. 

Summary  of  the  Factors  Controlling-  the  Plow  of  Lymph. — We  may, 
therefore,  adopts  provisionally  at  least,  the  8o-eallp<l  mechanical  theory  of  the 
orijrin  of  lyinpli.  1^|kiii  this  theory  the  forces  in  activity  an*,  first,  the  intra- 
(■aipillary  pressure  tending  U>  filler  the  plasma  throu^^ii  the  endothelial  cell» 
comp<minjr  the  walls  of  the  eapilhiries  ;  st^jond,  the  force  of  <liffnaiion  (K'pend- 
inj;  n|>nn  the  inr>qiuditv  in  eheniieal  com|>ositii>r]  of  the  bliMjd-phvsnia  nud  *he 
liquid  outside  the  capillaries,  or,  on  the  other  side,  betwei^n  this  liquid  and 
the  contents  of  the  tiasue-elements ;  thinl,  the  fonre  of  osmotic  pressure. 
These  three  forces  actintr  everywhere  foutrd  primarily  the  amount  and  4'om- 
position  of  the  lymph,  but  still  anotlicr  taetor  must  be  eonsiden-d.  For  when 
we  come  to  examine  the  How  of  lymph  in  diflerent  parts  of  the  Ixnly  strikiu}^ 
differences  arc  foimd.  It  has  been  shown,  for  instance,  that  in  the  limbs, 
under  normal  conditions,  the  How  is  extremely  scanty,  while  fmni  the  liver 
and  the  intestinal  area  it  is  relatively  abundant.  In  fact,  the  lymph  of  the 
thoracic  duct  may  be  conijidere<I  ils  l>ein^  derived  almost  entirely  from  the 
latter  two  re^ons.  Moreover,  the  lymph  from  the  liver  is  eharaetcrized  by 
a  ^rr-ater  percentage  of  jvroteids.  To  acconiit  for  thes<»  »litlerenees  Starling 
sugjj;esls  the  plausible  explanation  of  a  variatif)n  in  permeability  in  the  capil- 
lary walls.  The  capillaries  seem  to  have  a  similar  stnietMn-  all  over  tlie 
bfNly  Sfi  far  as  this  is  revealed  to  us  by  the  niierosco[K%  but  the  fact  that  the 
lymph -flow  varies  so  much  in  quantity  and  composition  indicates  that  the 
similarity  is  only  superficial,  ami  that  in  diffen-nt  orpins  the  capillar)^  walls 
may  have  different  inlenial  structures,  and  therefore  different  pertneabilities, 
Tiiis  factor  is  evidently  one  of  great  importance.  From  the  forep>ing  con- 
siderations it  is  evident  that  ehang:es  in  capillarv  pressure,  however  pro*luc*Ml. 
may  alter  the  How  of  lynqih  imm  the  blorHl-vessels  to  the  tissues,  by  iner<Mis- 
ing  or  <lccr(>asing,  as  the  ease  may  Im»,  the  amotnit  of  filtration;  chanp's  in 
the  com|)osition  of  the  blood,  such  as  follow  periods  of  digestion,  will  cause 
diiTusion  and  osmotic  streams  tending  to  (Mjualize  the  coniposjtitm  4d'  bh»ml 
and  lymph  ;  and  ('hanges  in  the  tissu<»s  themselves  ffdlowinj^  u|Kai  physio- 
logical or  pathological  activity  will  also  disturb  the  equilibrium  of  <s)mposi- 
lioii.  and,  then.'fon.',  set  up  diffusion  and  osmotic  eurrent-*.  In  this  way  a 
contiimal  interchange  is  tatting  place  by  means  of  which  the  nutrition  of  the 
tissues  18  cffeeted,  each  a<rcording  to  its  neetls.  The  details  of  this  intercliange 
must  of  necessity  be  v<tv  complex  when  we  consider  tho  |Kissibilities  of  local 
efliH'ts  in  different  jrarts  of  tlu-  luwly.  The  total  effects  of  general  changes, 
such  nifi.  nniy  be  pnnluced  expt^rimentallv,  are  simpler,  and,  as  we  have  seen, 
are  cxplaine<|  satisfactorily  by  the  physical  and  chemical  factors  enumerated. 
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PART  I.— THE  MECHANICS  OF  THE  CIRCULATION  OF  THE 
BLOOD  AND  OF  THE  MOVEMENT  OF  THE  LYMPH. 

A.  General  OoNSiDEaiATioNS. 

The  metaphorical  phrase  "circulation  of  the  blood"  nieaus  that  every  par- 
ticle of  blood,  so  long  as  it  remains  within  the  vessels,  moves  along  a  path 
whit'h,  no  ninttcr  h*nv  tortuous,  finally  rotiinis  into  itiself ;  that,  therefore,  the 
particles  which  pass  a  given  pc>iiit  of  tliat  path  may  be  the  same  which  have 
passetl  it  raany  times  already  j  and  that  the  blood  moves  in  its  path  always  in 
a  detiuite  direction,  and  never  in  the  reverse. 

The  discoverer  of  these  weighty  facts  was** William  Harvey,  physician, 
of  Ijoudon,'' as  he  styled  himself.  In  the  lecture  notes  of  the  year  1616, 
mostly  in  Latin,  which  contain  the  earliest  rewrti  of  his  discovery,  he  declares 
that  a  "  perpetual  miivenient  (A'  the  bkHxl  in  a  circle  is  t^anseil  by  the  beat  of 
the  heart"  (*' [jerpeluuiu  Kiiiguinis  niotum  iu  circulo  fieri  inthn  coixlis*').^ 
For  a  long  time  afterw^ard  the  name  of  the  discoverer  was  coupled  with  the 
expression  which  he  himself  had  introthiced,  and  the  true  movement  of  the 
blood  waH  known  as  tfie  "Harveian  ('irciiliititm."^ 

Course  of  the  Blood. — The  metajihonoal  circle  of  the  blood-path  may 
be  shown  by  such  a  diagram  as  Figure  H, 

If,  in  the  bmly  of  a  warrn-blomled  animal,  we  trace  tlie  course  of  a  given 
jmrticle,  beginning  at  the  point  where  it  leaves  the  right  ventricle  of  the  heart, 
we  find  that  course  to  be  as  follows  :  From  the  trunk  of  the  pulmonary  artery 
(PA)  through  a  succession  of  arterial  branches  derived  therefrom  into  a  capil- 
lary of  the  Jungs  (PC) ;  out  of  that,  through  a  sueoession  of  pulmonary  veins,  to 
one  of  the  main  pulmonary  veins  (PIO  and  the  left  auricle  of  the  heart  (LA) ; 
thence  to  the  lert  ventricle  (LV);  to  the  trunk  of  the  aorta  (A):  through  a 
succession  of  arterial  branches  derived  therefrom  into  any  capillary  (C)  rot 
supplier]  by  the  pulmonary  artery  j  out  of  that,  through  a  succession  of  veins 
(V)  to  one  of  the  vense  cavaj  or  to  a  vein  of  the  heart  itself;  thence  to  the 
right  atiric'le  (HA),  to  the  right  ventricle  (RV),  and  to  the  truuk  of  the  pul- 
monary artery,  where  the  tracing  of  the  circuit  began. 

*  M'illiam  Harvey :  PrelcciUmex  Analomifr  UniirrMltif,  ecliled.  with  nn  antntype  rrpnxliirtion 
of  the  originnl,  by  a  commitlee  of  the  Royal  College  of  Phy.siciuiiH  wf  Loi^doii,  1886,  p.  SO. 

'  Harvey's  discovery  of  the  circulation  was  first  published  in  the  modern  sense  in  his  work 
ExerritfUio  anatomica  tU  motu  cordU  et  sanguinis  in  animalibita,  Froncofurti,  1628.     TJiis  great 
cliUffic  can  be  read  in  English  in  the  fullowinp  :  On  iht  }folion  of  the  Ifmrt  ami  Hlood  in  AnimoU. 
By  William  Harvey,  M-  I>. ;  Willis's  translation,  revised  and  edited  by  Alex.  Bowie,  1889. 
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It  must  be  noted  here  that  a  particle  of  blood  which  traverses  a  capillary 
of  the  Bpleen,  of  the  jmncreas,  of  the  stomach,  or  of  the  int<?stines,  and  enters 
the  )x»rtal  vein,  must  next  traverse  a  series  of  veuaiia  branches  of  diminishing 
size,  and  a  capillary  of  tiie  liver,  before  entering  the  succesi-ion  ot"  veins  which 
will  conduct  the  |)article  to  the  ascending  vena  cava  (compare  Figs.  8  and  9). 

Most  of  the  blcHxl,  therefore,  which 
leaves  the  liver  lia^s  traversed  two  sets 
of  capiUariL's,  connected  witli  one 
another  by  the  portal  vein,  since  quit- 
ting the  arterial    system.      This   ar- 


Flo.  S.— <>iFnerB.l  dlutirum  of  the  drcuUtlon* 
Ui«  AfTOWR  Indicate  thu  courac  of  (he  bliKxl :  PA^ 
l<u1iiion«ry  arlco' :  PC,  pulmuaary  caiiilUrlec: 
I*  r.  puUnunHry  vehi«  ;  L  A,  left  auricle  :  L  I',  left 
ventricle:  /I.  Hystemlc  arteries:  f.  ijrRtemlc  capfl- 
UrlcB  :  r.  systemic  tUui  ;  R  A,  right  auricle  ;  H  V, 
right  ventricle. 


Flo.  9.— Dtatnum  of  the  portal  system :  the  %t- 
row»  Indicate  tlic  coune  of  the  blood :  A,  arterial 
Bystew :  I*,  venoiu  tyitem :  C.  capllUrles  of  \X\<& 
•plevu,  ittucreaa.  and  alimentary  canal ;  F  \\  portal 
vein  ;  C",  eaplUarlca  of  the  Hrer  ;  C.  the  re»l  nf  the 
Byvlctnlc  capQlaiice.  The  hepatic  artery  ia  aol 
represcuted. 


rangement  is  of  extreme  importance  for  the  physiology  of  nutrition.  An 
arrnngeiuent  of  the  same  order,  though  less  oouspiuuouB,  e%\»iB  in  the 
kidney. 

Causes  of  the  Blood-flow. — The  force  by  which  the  blood  is  driven  from 
the  right  to  the  left  side  of  the  heart  through  the  eapillarieis  whi6h  are  related 
to  the  respiratory  surfa<*e  of  the  lungs,  is  nearly  all  derived  from  the  eontnic- 
tion  of  the  muscnhir  wall  of  the  right  ventricle,  which  narrow*  the  cavity 
thereof  and  eject.s  the  hUxxl  contained  in  it;  the  force  by  which  the  blood  is 
driven  from  the  left  ti»  the  right  nide  of  the  heart  through  all  llie  other  capil- 
laries of  the  ImmIv,  I'ften  caile*!  tlie  *' systemic"  cjipillarie*,  is  derived  nearly 
all  fr«>m  the  contraction  of  the  mnscidar  wall  of  the  left  ventricle,  which  nar- 
rows its  cjivity  and  ejects  its  contents.  The  c<»ntractinns  of  the  two  ventricles 
are  nmultaneous.  The  fon-e  derive<l  from  «ich  i-ontraction  ij*  generate*!  by 
the  conversion  of  potential  energj',  present  in  the  chemicsd  constituents  of  tJie 
mnscidar  tis*;iie,  into  energy  of  visible  motion  ;  n  pirt  also  of  the  potential 
energy  at  the  same  time  becoming  manifest  i\a  heat.  In  the  maintenance  of 
the  circulation  the  force  generated  by  the  heart  18  to  a  ver)'  subonlinato  degree 
vnpplemented  by  the  forces  which  produce  the  aspiration  of  the  chent  and  by 
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the  force  geuenited  by  the  contractions  of  the  skeletal  muscles  throughout  the 
bo<ly  (sco  p.  05). 

Mode  of  Working-  of  the  Pumping  Mechanism. — During  each  contrao- 
tiou  or  "syt^tole"  «;>f  the  ventricle^?  tlie  bl<Kj<l  is  ejuLtod  into  the  arteries,  only, 
betrause  at  that  time  the  auriculo-ventricular  o|jeuings  are  each  closed  liy  a  valve.  ■ 
Diirint;  tin'  itnme<liiitoly  succeeding  "diastole"  of  the  ventrich\-*,  wliich  cou- 
sists  in  the  relaxalicin  of  their  muscular  walln  and  the  dilatation  of  their 
cavities,  blood  enters  the  ventricles  by  way  of  the  auricles  oidy^  because  at  that  ■ 
time  the  arterial  opt'inugs  are  clo.se<^l  each  by  a  valve  which  Wit?  oj>en  duritijT 
the  ventricular  systole  ;  and  l)ccausc  the  auriculo-ventricular  valves  which 
were  clo&cd  during  the  systole  of  the  ventricles  are  ojieu  dnriug  their  diastole. 
During  the  first  an<l  longer  part  of  the  diastole  of  the  ventricles  the  auricles, 
too,  are  in  diastole  ;  tlio  whole  heart,  is  in  repose;  ami  hlood  is  not  only  enter- 
ing the  auricles,  but  passing  directly  througli  them  into  the  ventricles. 
Near  the  end  of  the  veutriouhir  diastole  a  brief  simultaneous  systole  of  both 
auricles  takes  ]dace,  during  which  they,  too,  narrow  their  cavities  by  the 
muscular  contraction  of  their  walls,  and  eject  into  the  ventricles  blood  wliicli 
had  entered  the  auricles  from  the  "systemic"  and  pulmonary  veins  respec- 
tively. The  systole  of  the  auricles  ends  iinuicdiately  Ijefore  that  of  tlie  ventri- 
cles logins.  Tile  brief  sVHiiilc  ttf  the  anriclus  is  suct^-cdwl  by  their  long  dias- 
tole, which  cori*espouda  iu  time  with  ihe  whole  of  the  ventricular  systole  aud 
with  the  greater  part  of  the  succeeding  ventricnbr  diastole.  During  the  dia^*- 
tole  of  the  auricles  blood  is  euterJng  them  out  of  the  veins.  Thus  it  is  seen 
that  the  direction  in  which  the  blood  is  force*]  is  essentially  determined  by  the 
mechanism  of  the  valves  at  the  apertures  of  the  ventricles;  aud  that  it  is  due 
to  these  valves  that  the  bloo<l  moves  only  iu  the  deiinile  direction  l)efore 
alluded  iu.  In  (he  words,  again,  of  Harvey's  note-b(X>k,  at  this  point  written 
in  English,  the  ld<.H.id  is  periH4na[ly  transferred  through  the  lungs  into  the 
aorta  *•  as  by  two  clacks  of  a  water  bellows  to  ravse  water.'" 

Pulmonary  Blood-path. — In  the  birds  anil  inauunuls  the  entire  bi*eadth  of 
the  blood-path,  at  one  jmrt  of  the  physiologiwil  circle,  consists  iu  the  capillaries 
spread  out  IxMicath  the  rc>ip[i*attfry  surliR^e  of  the  lungs.  The  njrht  side  of  the 
heart  exists  oidy  to  force  the  bloo<l  into  and  past  tliis  portion  of  its  circuit, 
where,  as  in  the  systemic  capillaries,  the  friction  due  to  the  fineness  of  the  tubes  I 
causes  much  resistance  to  the  How.  This  great  coiupanUivc  develoj>tuent  of  the 
puln»ouary  portitiu  of  the  blood-path  in  the  warm-blooded  vcitebrates  is  related 
to  the  activity,  in  them,  of  the  respiration  of  the  tissues,  winch  calls  for  a  cor- 
responding a<'tivity  of  function  at  the  respiratory  snrfiu'o  of  the  lungs,  ami  (bra 
rapid  iTucwal  iu  every  systemic  rapillary  of  the  interna!  i"espii*atory  metliuni,  the 
bLnxl.  This  i-apid  renewal  implies  a  rajml  circulation  ;  and  that  the  spee^l  is 
great  with  which  the  circuit  of  the  heart  and  vessels  is  r^itnipleted  has  beei 
proven  by  experimeut,  the  metliotl  being  loo  complicatc<l  for  description  here.' 

*  Prfiedione*,  etc,  p.  80. 

■  Karl  Vierordt:  Z)iV  Eneheinungtn  umi  Getetxt  der  StromgeackwindifjUiten  drs  Bhtu. 
Auagtbe,  1882. 
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Rapidity  of  the  Oirculation. — Bv  ox|)t'rim«ut  tlie  shortest  time  ha*  been 
measured  whieh  is  taken  by  a  particle  of  hlooil  in  piissing  from  a  point  in  the 
external  jugular  vein  of  a  dog  to  and  thmiigh  the  right  cavities  of  the  heart, 
the  pulmonary  ves!*els,  the  letl  cavitie*;  of  the  heart,  the  conimeiicemeut  of 
the  aorta,  and  the  arteries,  oipillaries,  and  veins  of  the  head,  to  the  starting- 
point,  or  t(>  the  .sanit!  [H>iut  of  the  vein  of  die  other  side.  This  time  has 
been  found  to  l)e  fnnn  fifteen  to  eighteen  secfmds.  Naturally,  the  lime  would 
be  diffei'eut  iu  difierent  kinds  of  auimalft  and  in  the  different  eircuits  in  the 
flame  individual. 

Order  of  Study  of  the  Mechanics  of  the  Circulation. — Tlie  eiiguifimnoe 
and  the  fumlamcntid  fact**  of  tlit*  cii*<Milalion  have  now  been  indicated.  Its 
phenomena  must  next  be  studied  in  detail.*  As  the  blood  moves  in  a  circle, 
M*e  mav,  in  onler  tu  study  the  int>veriifnl,  .«trike  inti>  th**  eiirle  at  any  |>oint. 
It  will,  howeviT  be  fuiind  botii  logieal  :ind  instructive  to  study  fir.-t  the  njove- 
roent  of  the  blood  iu  the  capillaries,  whether  systemic  or  pulmonary.  It  is 
only  in  |)assing  througfi  these  and  the  minnte  arteries  and  veins  adjoining  that 
the  Wood  fulfils  its  essential  funetions;  eli*ewliere  it  is  in  transit  merely. 
Moreover,  it  is  only  in  the  minute  vessels  that  the  blood  and  the  nature  of 
its  movement  are  actually  visible. 

After  tlie {'apillary  flow  shall  have  I)eeome  familiar,  it  will  be  found  that 
the  other  jilieuonienu  of  the  circulation  will  fall  natui'ally  into  plui.%  9J>  indi- 
cating how  that  flow  is  caused^  is  varied,  aud  is  regulatetl. 

B.  The  Movement  op  the  Blood  in  the  CAPn^ABiEs  and  in  thb 
Minute  Arteries  and  Veins. 

Characters  of  the  Capillanes. — Each  of  the  vessels  which  com|>(»se  the 
-mmensely  niuitiplic<l  capillary  i»cl\vork  of  the  Inxly  i.s  a  tulx.*,  commonly  of 
less  than  one  millimeter  iu  length,  uud  of  a  few  one-thousandths  only  of  ^ 
millimeter  iu  calibre,  the  wall  of  which  is  so  thin  as  to  elude  accurate  measure- 


Pio.  10— A  cftpllUry  from  the  metentery  of  the  frog  (Ranvier). 

mcnt.  The  calibre  of  each  capillary  may  vary  from  time  to  time.  These 
facts  indiaite  the  minute  suUlivision  of  the  blootl-stream  in  the  lungs,  ami 
amon^  the  tissue?* — that  is,  at  the  two  (loiuts  of  its  course  where  the  e^dential 
ftiDetious  of  the  blood  are  fulfilled.     These  fnets  also  show  the  shortness  %>( 

*  The   following  U   a  verv  valuable   book  of  referpuce:    Robert  Tigervt«dt:  Lehrifueh  det 
Pkfmtogit  du  Kttidavfu,  1893. 
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the  distance  to  be  Iraverscd  by  ihe  blood  wliile  fulfilling  these  functions; 
and  explain  the  ituportaiice  of  the  coiajmratively  slow  rate  at  wliich  it  will  be 
found  to  move  thruuj^h  tliat  short  distance.  The  liistoloj^ical  study  of  ii  typ- 
ical fupillaiy  (.see  Fij;.  10)  hliows  that  ](«  tltiii  wall  is  ('(>iii|i(>s4;d  of  a  single 
layer  only  of  living  flat  endothelial  cells  set  eilge  to  edge  in  c]oi?e  contact;  and 
that  the  ed<;es  of  the  cell.-*  are  united  by  a  small  quantity  of  the  si>-eaned 
e*'nicMit-sul>stanee.  If  the  capillary  be  trace*!  in  cither  anatomical  <tirection, 
the  wall  of  the  vessel  is  seen  to  become  less  thin  and  more  complex,  till  it 
merges  into  that  i>f  a  tyjiicid  arteriole  or  venule,  the  wall^  of  which  are  still 
delicate,  though  less  so  than  that  of  a  capillary.  That  the  capillary  walls  are 
so  thin  and  soft,  and  are  nmdB  of  living  (x.'lls,  are  very  imjiort^int  facts  as 
regards  the  relations  between  bkH.Kl  and  tissue.  It  is  of  great  iniportauoe 
for  the  variation  of  the  b]ood-:?u|)pIy  to  a  part  tliat  they  are  also  di^tetifsible,. 
elastic,  and  jMtssiljlv  foiitRietile. 

Direct  Observation  of  the  Flow  in  the  SmaJl  Veeeels. — The  cii] Hilary 
flow  is  visible  under  the  curnpoiind  niicroscojie,  best  by  transmitted  light,  in 
the  lrans|Mirent  parts  ol"  botli  warin-hloodcd  and  eold-blotxled  animals.  It  i& 
important  that  the  phenomena  observed  in  the  latter  should  be  compared  with 
observations  upon  the  higher  animals  ;  but  the  fuudamental  facts  can  be  most 
fruitfully  studied  in  the  frog,  tadpole,  or  fish,  inasmuch  as  no  special  arrange- 
ments are  needetl  to  maintain  the  temperature  of  the  exposed  parts  of  these 
animals.  Moreover,  their  large  oval  anil  nucleated  n-il  bloml-eorjKiseles  are 
well  fitted  to  indiwite  the  forces  to  which  they  are  subjected.  The  capillary 
movement,  therefore,  ^vi II  bo  described  a*?  seen  in  the  frog;  it  being  under- 
stood that  the  phetiomena  are  similar  in  the  other  vertebrates.  In  the 
fn)g  the  movement  maybe  sttidieil  in  the  lung,  the  .mesentery,  the  urinary 
bladiler,  tlie  tongue,  or  the  web  between  tlie  toes.  During  such  study  the 
pmper  wall  of  the  living  capillary  is  hardly  to  be  seen,  but  only  the  line  on 
eacii  side  which  marks  the  ]>rolile  of  Its  cavity.  Even  (he  pro|M'r  wtdls  of 
the  t!*ausjKireut  arterioles  and  venules  are  but  vaguely  iiidicuteil.  The  [ditsma 
of  the  blood,  too,  has  so  nearly  the  same  index  of  refraction  as  the  tissues, 
that  it  i-emains  invisible.  It  is  only  the  rod  corpuscles  and  leuewytes  that 
are  couHpictious;  and  when  one  speaks  of  seeing  the  blood  in  motion,  he  meaus^ 
strictly  speaking,  that  he  sees  the  moving  corpuscles,  and  can  make  out  the 
calibre  of  the  vessels  in  which  ihey  move.  The  observer  uses  as  low  a  jHJWer 
of  the  microscfjpc  as  will  sutfiw,  and  takes  first  a  genenil  survey  of  the  minute 
arteries,  veins,  and  capillaries  of  the  |)art  he  is  studying,  noting  their  form, 
size,  and  connections.  In  the  arteries  and  veins  he  sees  that  the  sixe  of  the 
vessels  is  ample  in  comparison  wilh  that  of  the  corpuscles  ;  that,  in  the  veins, 
the  nu^vement  of  the  blood  is  steady,  but  in  the  arteries  aa*eleratetl  and 
retarded,  with  a  rhythm  eorres])ond]ng  to  that  of  the  heart's  beat.  In  some 
parts,  if  the  circunjstanees  of  the  observation  have  somewhat  rctar<led  the 
circidation,  tin*  inilividual  rcil  corpuscles  can  be  distinguished  in  the  veins, 
while  in  the  arteries  they  cannot,  as  at  all  times  they  shoot  past  the  eye  too 
swiftlv.  The  fnndanuiital  observation  now  is  verified  tliat  the  blowl  is 
incessantly  moving  out  i>\'  the  arteries,  tlirough  the  capillaries,  into  the  veins. 
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Behavior  of  the  Red  Corpuscles. — Capillaries  will  readily  be  fouml  iu 
which  the  red  corpuscles  move  two  or  thi'ee  abreast,  or  only  in  siiiglo  file. 
They  geaerally  go  with  tlieir  Imig  ilininetors  piiruMrl  to,  (»r  nuxlomtely  ohlique 
to,  the  current.  Tii  iiu  mse  will  any  bKHrkade  uf  corpus^^le;*  ocvur,  so  lou^  as 
iJie  parts  are  uornial.  The  muuGrous  re<l  corpuscles  are  seen  to  be  well  fitted 
liy  their  sot^iiess  iind  olu^ticity,  as  well  as  by  their  I'onii  and  size,  for  moving 
through  the  narrow  cliannelb.  They  bend  easily  upon  tbeiuselves  us  they 
turn  isharp  corners,  but  instantly  regain  their  form  wlien  free  to  do  so  (see 
Fig.  11),  A  very  common  <H*«Mirrfnre  ih  for  a  corpuscle  to  catch  uiH>n  the 
edge  which  parts  tw(>  aipillaries  at  a  bifurciition  of  the  network.  For  fwime 
time  the  corpuscle  may  n^rnuin  *loublod  over  the  projection  like  a  sack  tliruwn 
across  a  horse's  back  ;  but,  after  i«4cillating  for  a  while,  it  will  be  disengaged, 
ax  once  return  to  it^  own  nhape,  aii<l  disiippcar  tn   one  of  the  two  branches 


flo.  11.— To  Uliutntte  the  behavior  nf  red  pot- 
poscla  In  tbo  capilUiiir8:  the  (irn>wii  mark  the 
eourec  of  U»o  blood;  o,a  "aaddlL'-bHi;'  rorpiw 
cle;  6.  a  corpu«-'1e  bending  upon  itwU  as  it 
enten  a  aide  branch. 


Fir.  12.— To  niuftnit«  the  deformity  pro- 
durt-it  Id  red  corpiiHclM  In  paaainK  thruugh 
a  capUluy  of  a  kwi  dlanictor  than  them* 
selvua. 


(see  Fig.  11).  It  is  instructive  to  watch  red  corpuscles  passing  in  single  file 
through  a  capillary  the  (^dibre  of  which,  at  the  time,  is  actually  less  thau  the 
shorter  diameter  of  the  c<frjMiscle.s.  Through  sucli  a  capillar)*  etich  corpuscle 
Is  squeezed,  with  lengthening  and  narntwing  of  its  soft  nias^,  but  on  emerging 
into  a  larger  vessel  its  elasticity  al  once  corrects  even  this  defonuily ;  it  regains 
its  form,  and  passes  ou  (Fig.  12). 

Evidences  of  Friction. — In  the  minute  vessels,  capillary  and  other,  cer- 
tain apj>earances  should  («refiilly  l>e  observed  which  an?  the  dire<1  ocular 
evidence  of  that  friction  which  we  shall  find  to  l*e  one  of  the  prime  forces 
concerned  in  the  blo»»d-movemeiit,  t<i  whicli  it  ci:)nstitutes  a  strong  resintauce. 
If,  ID  a  cliannel  which  athnits  thi'ee  re<l  corpuscles  Ix^side  one  another,  three 
he  observed  wlien  just  abreast,  it  will  Ije  found  that  very  soon  tlie  middle  one 
forges  uheaid,  indicating  that  the  stream  is  swiftest  at  its  core.  This  is  because 
the  friction  within  the  vessel  is  least  in  the  middle,  and  progressively  greater 
outward  to  the  wall  (Fig.  13).     In  the  small  veius  the  signs  o(  friction  are 
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strikingly  seen,  as  the  outer  layers  among  the  numerous  corpusclea  lag  con- 
spicuously. In  the  arterioles  similar  plienomeua  are  seen  if  the  normal  swift- 
ness of  moveoietit  become  HufHcieutly  retarded  far  the  individuul  corputiiclcs 
to  be  visible. 


TiQ.  13.— To  lllustmlti  the  furxinK  ahead  uf  h 
corpuscle  At  tho  Mntre  of  the  bloud-slreain. 
The  arrow  marks  the  direction  u/  tht-  blood. 


Fio.  H.— Tilt  Inert  layer  of  pU«mA  In  the 
Rmall  vesiiels. 


An  appearance  which  also  tells  of  friction  is  that  of  the  so-called  "inert 
layer"  of  plasma.*  In  vessels,  of  whatever  kind,  which  are  wide  enough  for 
several  eorinisdes  to  pu-ss  abrtmst,  it  is  seun  that  all  thu  rt'i!  corpusclas  ai-e  always 
separated  from  the  profile  of  their  channel  by  u  narrow  clear  and  colorless 
interval — occupied,  of  course,  by  plasma.  This  is  caused  by  the  excess  of  the 
friction  in  tlie  layci-s  nearest  to  the  vascular  wall  (see  Fig.  14).  The  friction 
thus  iudittiteil,  other  things  being  eipjal,  is  le^s  in  a  dilated  than  in  a  con- 
tracted tube;  and  less  in  a  sluggish  than  in  a  rapid  stream.  It  pri>bably 
v^aries  also  with  changes  of  an  unknown  kind  in  the  condition  of  the  cells  of 
tJiP  vascular  wall. 

Behavior  of  the  Leucocytes. — If  the  behavior  of  the  leucocytes  be 
watched,  it  will  be  seen  to  ditier  markedly  from  that  of  the  i-ed  corpuscles,  at 
lea.'^t  when  the  hloiMl-streatn  is  sninewim*  retarded,  as  it  so  commonly  is  under 
the  microscope.  AVhereas  ihe  friutinn  within  ihe  vessels  causes  the  throng  of 
red  corpuscles  to  occupy  the  core  of  the  stream,  the  scantier  leucocytes  may 
move  mainly  in  contact  with  the  wall,  and  thus  he  present  freely  in  the  inert 
layer  of  plaHuia.  Nutunilly  (heir  progrcst^iou  is  then  much  slower  and  more 
irregular  than  that  of  the  red  disks.  Indeed,  the  leucocytes  oilen  adhere  to 
the  wall  for  a  while,  in  spite  of  slifM-ks  from  the  ret!  cells  wliich  pass  them. 
Moreover,  the  spheroidal  lencmyte  mils  over  and  over  as  it  moves  along  the 
M*all  in  a  way  very  dillereut  from  the  progression  of  the  rctl  disk,  which  only 
occasionally  may  revolve  about  <me  of  its  diameters.  A  leucocyte  entangle<l  I 
among  the  red  cells  near  the  middle  of  the  stream  Is  seen  generally  not  only 
to  move  onwani  but  also  to  move  ontwani  tosvard  the  wall^  and,  before  long, 
to  join  the  other  leucocytes  which  are  bathe<l  by  the  inert  layer  of  plasma.  ■ 
It  is  due  s*>le]y  tt*  the  lighter  speHfic  gravity  of  the  leucocytes  tliat^  under 
the  ibrces  at  work  within  the  smaller  vessels,  they  go  to  the  wall,  while  the 
denser  disks  go  to  the  core  of  the  current.  This  hEis  been  proved  exj>erimeu- 
tally  by  driving  through  artiticial  capillaries  a  fluid  having  in  suspeu.siou  jwir- 
ticles  of  two  kinds.     Those  of  the  ligliter  kiud  go  to  the  wall,  of  the  heavier 

*  Poiaenille:  "Keohcrcheer  sur  lea  caums  da  mcuvement  du  nang  dans  \m  vaissenux  capil- 
lairee,"  Acadhnie  dts  Sciewxi — Savons  6tranga-8i  1835. 
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kiud  to  the  core,  even  when  the  nature  and  form  of  the  particles  employed 
are  varie<l.* 

Emierration  of  Leucooytee. — It  has  been  sauI  that  a  leucncyte  may  often 
adhei-e  for  a  time  lo  the  wall  uf  the  capillary,  or  of  the  arteriole  or  venule, 
in  which  it  is.  Sometimes  the  leucocyte  not  only  adhered  to  the  wall,  but 
passes  through  it  into  the  tissue  without  by  a  process  which  has  received  the 
name  of  ** emigration.''*  A  minute  pnijectiou  from  the  protopla^sm  of  the 
leucocyte  is  thrust  into  the  wall,  usually  where  this  consists  of  the  soft  cement- 
8ul>staDce  lietween  the  endothelial  cells.  The  delicate  pseudoixxl  is  seen  pres- 
ently to  have  pierced  the  wall,  to  have  grown  ut  (lie  exjicnse  of  the  main  lx>dy 
of  the  cell,  and  to  have  become  knobbed  at  the  free  eud  which  is  in  the  tissue. 
Later,  the  flowing  of  tlie  protoplasm  will  iiave  causeil  the  leucocyte  to  assume 
something  of  a  <luinl>-l)f'll  form^  with  one  end  wJtliin  the  blood-vessel  and  the 
other  without.  Then,  by  eouverae  eluiuges,  the  flowing  pnttoplasm  i-'omes  to 
lie  mainly  within  the  lympb-sp^ce,  with  a  small  knob  only  within  the  vessel ; 
and,  lastly,  this  knob  too  flows  out ;  what  had  l)een  the  neck  of  the  dumli-l>ell 
shrinks  and  is  withdrawn  into  the  «x'll-body»aiid  tlie  leucm'yte  now  lies  wholly 
without  the  blood-vessel,  while  the  minute  brench  in  the  soft  wall  has  closed 
behind  the  retiring  pseudo|>xl.  This  phcnornentm  has  been  seen  in  capillaries, 
venules,  and  arterioles,  bm  mainly  in  the  two  former.  It  seems  to  be  due  to 
the  amielxud  propertiej^  of  the  leuaxTtes  as  well  as  to  purely  physical 
causes.  Emigration,  although  it  may  i>robably  occur  in  normal  vessels,  is 
strikingly  seen  in  inflammation,  in  which  there  seems  to  he  an  increased 
adhesiveness  between  the  va.scular  wall  and  the  various  <'orpusolcs  of  the 
bl(MMi. 

Speed  of  the  Blood  in  the  Minute  Vessels. — As  a  measure  of  the  speed 
of  ilie  blotxl  in  a  vessel,  we  may  fairly  lake  the  sjx'ed  of  the  n\\  corpuwles. 
It  must,  however,  be  remembered  that  as  the  friction  increases  toward  the  wall, 
tlie  siKjeil  of  the  red  corpuscles  is  least  in  the  outer  layers  of  blotxl,  and  in- 
creases rapidly  toward  the  long  axis  of  the  tube.  At  the  core  of  the  stream  tlie 
fiipeeil  may  be  twice  as  great  as  near  the  wall.  As  we  have  seen,  the  stream  of  red 
corpuscles  in  an  arteriole  is  rapid  and  pnlsating.  In  the  corresponding  venule, 
which  is  eommouly  a  wider  vessel,  the  stream  is  less  swift,  and  its  pulse  has  dis- 
ap|»eared.  In  the  eapillart'  network  between  the  two  vessels  the  speed  of  the  red 
corpuscles  is  evidently  slower  than  in  either  arteriole  or  venule  ;  and  here,  as  in 
the  veins,  no  pulse  is  to  be  seen  ;  the  pulse  comes  to  an  eud  with  the  artery 
which  exhibitj^  it.  In  one  capillary  of  the  network  under  ol)servation  the 
movement  may  lx>  nmre  active  than  in  another ;  and  even  in  a  given  capillary 
irregular  variations  of  sj>eed  at  dilTerent  moments  may  be  observed.  Where 
two  trapillaries  in  which  the  pressure  is  nearly  the  same  are  connected  by  a 
iToss-branch,  tlie  red  corpuscles  in  this  last  may  sometimes  even  be  seen  to 


*  A.  SchkUrewftky :  "  lT«ber  d&ii  Blut  and  die  Sii(i|»etu(ioiufl&«igkelt«n/*  P/&^%  Ankw/Ht 
4ir  yrjnmmtf  Pk^mnimiie^  iMtig,  B^l.  i.  S.  t>03. 

'  For  tbe  lilenitnro  uf  enuKrulioti  see  R  Tlionm:  Ttit*hook  of  Otnertd  FdtkUo^jf  and  Pati^ 
loyiC'it  Anatomy,  iroaAlaied  b^  A.  Broce,  189tf,  toL  i.  p.  344. 
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OBoilkte,  come  to  a  statidstill,  aud  theu  reverse  the  dii'cctioD  of  tlii-ir  move- 
menty  and  returu  to  the  capillary  M'hence  they  had  started.  Naturally,  uo 
such  reversal  %vil]  ever  be  seen  in  a  capillarv  which  sj)rings  direetly  from  aa 
artery  or  whieti  directly  joiiib  a  vein.  It  will  be  reujeruberedj  however,  that 
any  appai'ent  speed  of  a  corpuscle  is  much  niaguitied  by  the  microscope,  aud 
that  tlierefore  the  variatious  referred  to  are  euinparulively  unimportaut,  AVe 
uiav,  iu  fact,  without  material  err(>r,  treat  the  speed  of  the  blood  in  the  capil- 
laries which  interveue  between  the  arteries  and  veins  of  a  region  as  approsi- 
matcly  uuiftirm  for  an  oixlinary  peritxl  of  observation,  aa  the  minute  varia- 
tions will  tend  to  eomjK'Usate  for  one  another.  This  speed  is  shiggish,  aa 
already  noted.  In  the  eapillaries  of  the  web  of  the  frog's  foot  it  lias  been 
found  to  be  alwut  i.).5  [uillimeter  per  secorni.  The  causes  of  this  sluggishness 
will  l>e  set  forth  later.  That  the  very  short  distance  between  artery  aud  vein 
is  traversed  .slowly,  deserves  to  be  insisted  on,  as  thus  time  is  aifordeil  for  the 
uses  of  the  blood  to  be  fuliilled. 

Capillary  Blood-preasure. — The  pressure  of  the  blood  against  the  capil- 
lary wall  is  low,  though  higher  tliau  that  of  the  lyiupb  without.  Tliis  pres- 
sure is  subject  to  changes,  aud  is  readily  yielded  to  by  the  elastic  and  deli- 
cate wall.  From  these  changes  of  pressure  changes  of  calibre  result.  The 
microscope  tells  tis  less  about  the  capillary  blood-pressure  than  about  the  other 
phenomena  of  the  flow  ;  but  the  micn»sco])e  may  sometimes  show  one  striking  I 
fact.  In  a  eapilhu'v  district  under  ol)servatlon,  a  capillary  not  noted  I>efore 
may  suddenly  start  into  view  as  if  newly  formetl  under  the  eye.  This  is 
because  its  cjilibre  has  been  too  small  fur  red  c<:»rpuseles  and  leucocytes  to  enter, 
until  H4)me  slight  inerease  of  pressure  has  dilated  the  tmtispun^nt  tul)e,  hitherto 
filled  with  transparent  plasma  only.  This  dilatation  lias  admitted  etu-puseles, 
and  has  caused  the  vessel  to  ap[)ear. 

That  the  capillarv  pressure  is  low  is  shown,  moreover,  by  the  fact  that  when 
one's  finger  is  pricked  or  slightly  cut,  tlie  blt^od  sim|)]y  tlrips  away;  that  it 
does  not  spring  in  a  jet,  as  when  an  artery  of  any  size  has  been  divided.  That 
the  capillary  pressure  is  low  may  also  be  shown,  and  more  accurately,  by  the 
caiY'fuI  scieiitilie  a]>plieati4tn  of  a  familiar  fact:  If  one  press  with  a  blunt 
lead-pencil  upon  the  skin  between  the  base  of  a  finger-nail  aud  the  neigh- 
boring joint,  the  ruddy  surface  becomes  pale,  because  the  blo<Kj  is  expelled 
from  the  wipillario;  and  thev  are  flattened.  If  <leltrate  weights  be  use<i, 
instead  of  tlie  pencil,  the  force  can  be  measureil  whieli  just  suffices  to  whiteu 
the  surface  somewhat,  that  is,  to  couuterbalauee  the  [pressure  of  the  distend* 
ing  hlo(M!,  which  pressure  thus  can  be  measuit'd  approximately.  Jt  has  l>een 
found  Ui  be  very  much  lower  tlniu  the  pressure  in  the  large  arteries,  con- 
siderably higher  tliau  that  in  ttie  large  veins,  and  thus  intermediate  Iwtween 
the  two;  whereas  the  blood-Bj>eed  iu  the  capillaries  is  less  than  the  speed 
in  either  the  arteries  or  the  veins.  The  pressure  in  the  e:ipil]arieSj  meas- 
ured by  the  methoil  just  described,  ha^  l>eeri  found  to  Ik:'  equal  to  that 
required  to  sustain  against  gravity  a  <'olumn  of  mercury  from  24  to  54  milli- 
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nieterd  high  ;  or,  iu  the  parlance  oi'  tlie  lalxiratory,  has  been  found  equal  to 
from  24  to  51  millimeters  of  mercury.^ 

Summary  of  the  Capillary  Flow. — Whetljer  in  the  luugs  or  iu  the  rest 
of  the  body,  ii»c  tceueral  characters  of  the  «ipillary  How,  as  leurned  from  direct 
inspection  and  trom  experiment,  may  l*e  summwl  up  as  follows:  The  blood 
moves  through  the  eapillaries  toward  the  veins  with  much  frirtiou,  o*jutin- 
uouaIv,  slowly,  witlnHit  jvulse,  and  under  low  pressure.  To  account  for  these 
fact«  is  to  deal  systeruiitii-aJly  with  the  mechanics  of  the  eirculatiou ;  and  to 
that  task  we  must  uow  address  ourselves. 


C  The  Pressure  op  the  Blood  in  the  Arteries,  Capillaries,  and 

Veins. 

Why  does  the  blmxl  move  coutinuously  out  of  the  arteries  through  the 
capillarici*  into  tlie  veins?  Because  there  is  eontitiuoiisly  a  high  ]>rcssure  of 
blotxi  ill  the  arteries  ami  a  low  pressure  in  the  veins,  aiui  tVom  the  seat  of  high 
to  that  of  low  [iressure  the  blo(xl  must  continuously  flow  tlmmgh  the  capillaries, 
where  j>ressure  is  iutenuediate,  as  already  stated. 

Method  of  Studying  Arterial  and  Venous  Pressure,  and  General 
Results. — Bef4)re  stating  quantitatively  the  differences  of  pressure,  we  must 
see  how  they  are  ascertaituMl  for  tl»e  arteries  and  veins.  The  metlnxl  of  obtain- 
ing the  capillary  pressure  has  been  referreti  to  already.  If,  in  tlie  neck  of  a 
mauimal,  the  left  common  carotid  artery  be  damped  in  two  places,  it  cun, 
without  loss  of  Ij1oo<1,  Ix?  divided  l>etween  the  clamps,  an<l  a  long  straight  glaas 
tube,  o|>en  at  Uith  ends,  and  of  small  calibrct  can  Ix-  ticil  into  that  stump  of 
the  artery  winch  is  still  c*>nnected  with  the  aorta,  and  which  is  calle^l  the 
"proximal"  stump.  If  now  the  glass  tnl>e  Im^  lield  upright,  and  the  clamp 
be  taken  ufF  wliirh  bus  hitherto  closed  the  artery  l>ctweeu  the  lul>e  ami  the 
aorta,  ihe  bloml  will  uiimnt  in  the  tube,  which  is  o|>en  at  the  tup,  to  a  ojusid- 
erable  height,  ami  will  remain  there.  The  external  jugular  vein  of  the  other 
side  shouhl  have  {wvn  (reattnl  in  the  same  way,  but  its  tube  slinnlil  have  been 
inserted  into  the  "  distal  '*  stiim}i — that  is,  the  stump  «nine<*teil  with  the  veins 
of  the  head,  and  not  with  the  sul>clavian  veins.  If  the  clamp  between  the  tube 
and  the  head  have  l^wen  removal  at  nearly  the  same  tinu»  with  that  n|>on  the 
arterj',  the  blood  may  have  mouutwl  iu  the  upright  venous  tube  also,  but  only 
to  a  small  distance.  To  cite  an  actual  ease  iu  illustration,  in  a  small  etherized 
dog  the  arterial  blood-oolumn  has  tteen  seen  to  stand  at  a  height  of  alx)ut  155 
centimeters  alwive  the  level  of  the  aorta,  the  height  of  the  venous  eolumu 
about  18  centimeters  above  the  same  level.  The  heights  of  the  arterial  and 
venous  columns  of  blood  measure  the  pressures  obtaining  within  the  aorta  and 
the  veins  of  the  head  res|MxMively,  while  at  the  same  time  die  circulation  con- 
tinues to  ho  fi'ee  through  lx>tli  the  aorta  and  the  venous  network.  Therefi^re, 
in  the  dog  above  referred  to,  the  aortic  pressure  was  between  eight  and  nine 

*  X.  T.  Kriw :  "  Ueber  den  Dnick  ia  den  Bhitcnpillaren  dcr  menachHchen  II«iil."  Bnirhit 
Sber  die  VrrKamHunrjen  da-  k,  tdehtiseken  OfseUseht^  der  K  UMiucA^ftm  nt  Lriptiff,  math.-phyBtArhe 
CUflM,  1(575,8.149. 
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times  as  great  as  that  in  the  smaller  veins  of  the  heuci.  As^  Juring  such  aQ 
exj>eriment,  the  blood  is  free  to  pass  from  the  aorta  through  one  carotid  aud 
berth  vertebral  arteries  to  the  heaif,  and  Xo  return  through  all  the  veina  oi' 
that  part,  exeept  one  external  jivguliir,  to  the  vena  oava,  it  is  <lemoustrated 
that  there  must  be  a  continuous  flow  from  the  aorta,  through  the  capillaries 
of  the  bea<!,  into  the  veins,  because  the  pressure  in  the  aorta  is  many  times  as 
great  as  the  pressure  in  the  veins.  Obviously,  sueh  an  experiment,  although 
very  instruetive,  gives  only  roughly  qualitative  retfults. 

Two  things  will  be  noted,  moreover,  in  such  an  ex])erinxent.  One  is  that 
the  venous  column  is  steady ;  the  other  is  that  the  arterial  column  is  per|ietu- 
ally  fluctuating  in  a  rliytlimir  manner.  The  toj)  of  the  arterial  injIuuiu  shows 
a  regular  rise  and  fall  of  perhaps  a  few  centimeters,  the  rhythm  of  which  is 
the  same  as  that  of  ihe  breathing  of  the  animal ;  and,  while  the  surface  la  thus 
rising  and  falling,  it  ii;  also  the  seat  of  frequcut  flickering  fluctuations  of 
smaller  exteut,  the  rhythm  of  which  is  regular,  and  agrees  with  that  of  the 
bearfs  beat.  At  no  time,  however,  do  the  respirator)^  fluctuations  of  the  arte- 
rial column  amount  to  more  than  a  fraction  of  its  mean  height;  comparetl  to 
which  last,  again,  the  cardiac  fluctuations  are  still  smaller.  It  is  clear,  then, 
that  the  aortic  pressui^e  changes  with  the  movements  of  the  chest,  aud  with 
the  systoles  and  diastoles  of  the  left  ventricle.  But  stress  i.s  laid  at  present 
upon  the  fact  that  the  aortic  pressure  at  its  lowest  is  several  times  as  high  as 
the  pressure  in  the  smaller  veins  of  the  head.  Therefore,  the  occurreuce  of 
incessant  fluctuations  in  the  aortic  pressure  caunot  prevent  the  continuous 
movement  of  the  blcxxl  out  of  the  arteries,  through  the  capillaries,  into  the 
veins. 

The  upright  tul)es  employed  in  the  foregoing  experiment  are  callud  "  man- 
ometer*." '  They  were  first  applied  to  the  nieasureusent  of  the  arterial  and 
venous  blood-pressures  by  a  clergyman  of  the  Church  of  England,  Stephen 
Hales,  rector  of  Farringdou  in  Hampshire,  who  experimenteil  with  them 
upon  the  horse  first,  and  afterward  uptm  other  mammals.  He  published  his 
method  and  results  in  1733.*  The  height  of  the  mauometric  column  is  a 
true  measure  of  the  pressure  which  sustains  it;  for  the  force  derived  from 
gravity  with  which  the  blotxl  in  the  tube  pressi>i  d(jwnward  at  its  lower  open- 
ing is  exactly  etjual  t(*  the  force  with  which  tlie  blufjd  in  the  artery  or  vein  is 
pressed  upward  at  the  same  opening.  The  downward  force  exerted  by  the 
column  of  hloud  varies  directly  with  tht^  height  of  the  coluinii^  but,  hv  the  laws 
of  fluid  pressure,  tloes  not  vary  with  the  calibre  of  the  manometer,  which  cali- 
bre may  therefore  be  settled  on  otlier  grounds.  It  follows  also  that  the  arterial 
and  voiitKis  manometers  need  not  be  of  the  same  calibre.  Were,  however, 
another  fluid  than  tlie  blood  itself  usetl  in  the  manometer  t«  measure  a  given 
intravascular  pressure,  as  is  easily  possible^  the  height  of  the  column  would 
differ  from  that  of  the  column  of  blood.     For  a  given  pressure  the  height 

'  Fr^ni  /idWif,  rare.  The  name  was  given  from  such  tiibea  being  used  to  measure  the  tension 
of  gases. 

'  Stephen  U&lea :  SkUical  Esgaya:  amtaining  H<C7na9tatich^  etc.,  London,  1733,  vol.  ii.  p*  1. 


of  the  column  is  inverse  to  the 
'density  of  the  manoinctric  fluid. 
For  example,  a  ^ven  pressure  will 
8««taiu  a  far  taller  eolumu  of  blood 
than  of  nicrcurv. 

The  Mercurial  Manometar. — 
The  raetluKl  of  Hales,  in  its  orig- 
inal niitiplidty,  is  valuable  from 
that  very  simplieity  for  demonstra- 
tion, hut  not  for  research.  The 
clotting  of  the  blcKtd  soon  ends  the 
experiment,  and,  while  it  oontinue»^ 
the  tallne^*!  of  the  ttib<'  required  for 
the  artery,  and  the  height  of  the 
column  of  hlo*Ml,  arc  very  incon- 
venient. It  in  e8scntial  to  under- 
stand next  the  principles  of  the 
more  exact  instruments  employed 
in  tlie  modern  luburatory. 

In  1828  the  French  physician 
and  physiologist  J.  L.  M.  Poiscuille 
devised  means  both  of  keeping  the 
blood  from  chitting  in  the  tulies, 
and  of  using  as  a  measuring  fluid 
the  heavy  mercury  instead  of  the 
much  lighter  blootl.  He  thereby 
8ceurc*i  a  long  obeer^'ation,  a  lo^ 
column,  and  a  manageable  man- 
ometer.' The  "mercurial  man- 
ometer" of  to-dav  is  that  «lf  Pui-  ^*'  LV-Wagrmm  »f  tli«  roconlliiK  menuriml  romn- 

oineUr  aiitl  lti«*  kyiiiogimptt ;  the  niercur}' U  liiflirfltcd  In 
Seuille,  though  nnxlificd  (see  Fig.  devp  Mack:  if.  the  manometer,  connected  by  Uic  Iwidoo 
1  K\        T«,   -.«  :.^«^..    ..^]  r^-«.«  :*  -^«.      P'J*'-  ^i  **l'»  *  kI""  cannula  Ucd  tnio  the  pn>xim»l 

15V     in  an  miproved  form  it  eon-  ^^^^^ ^^  ^^^  ,^.„  ^.^^^„„  ^^^^,^  ^^.^  ^,  /^^  ^  ^ 

OBta  of  a  glass  tul>e   nj>e!l  at   b(»t!l    thcaona;  c  the  siop^ock.hyopcnlnjt  which  tht*  man- 

«  I    1        >  •        i<*  t         oinctiT  may  bv  raadv  to  cominutiiratv  thnHigh  J?r,  tb« 

endB,    and    t»ent    upon    Itficit    to   the    r«bbrrtul)e.vrltha,,n«urt'-t>ottk..>f*ol.,ii.>nof,.3inmii 

ehape  of  the  letter  U.    This  is  hehl  w'^mic;  /;thcfl(wiofironanii  hnnirm-tHT:  a.  the 

npright  by  an  iron  fninic.      if  raer-    inu.  /•.  the  gl«mc«plIUr>|«?nrharewl  with  «|ulcklydry- 

curv  Ix'  p<.iirt'd  into  one  branch  of    '"« *°^ ■  ^- •  "^^  *^'*'** »"  *'''"«^'  ^^  '^''  *«^'«*»» "'  ■ 

•         ,  ■      ,  Il|(hl  rlugiif  metal  trunpfnilnl  ttum  It,  f>  iirt***  the  pva 

the  Uj  it  will  All   Ixtth    branches   to    ohllquely  and  K<?ntly  afmlnHt  the  paper  with  which  ti 
*n  Atf«i*Al  K^iIrvKf        T*'  <1i.:.l  Iw.  .1«;..»»    oovorwl  D.  lh«  hram  "drum"  of  the  kym<)(frapli.  which 

an«qual  height.     U  fluid  l>e  driven  ^^^^  „^..,,.^.,  ^„  ^^^  ,„^.^^,^.„  ^^  ^^^  irroT'^Thc  .„tv 

down    n]>On     the     niercurv    in     one  P«'*»  nf  Ihc  manometer  and  the  hody  and  chv'k-work 

I 1             ,£  1*      I    If      i*  .i'      .1        -^  of  the  kyiuiiRmuhareoiQltii'd  Tut  theMktr  uf  iilnipllcllr. 

branch    or   "lirab       of  the    tube,  it  The  a.rt..odlUbnmchc,  an.  drawn  dl.propurtiun.flT 

will  drive  some  of  the  mercury  out  *«¥•»>' th*  aake  of  clearnca* 

of  that  limb  into  the  other,  and  the  two  surfaces  of  the  mepeiirv  may  come  to 

rest  at  very  unequal  levels.     The  difference  of  level,  expressed  in  millimeters, 

*  J.  L.  M.  Poueuilte :  RfcMvrtMei  mtr  la/oirt  dn  mm  aorfi^,  Paria,  1828. 
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measures  Uie  height  of  the  mauometric  column  of  mercury  tlie  downward  pres- 
sure of  which  in  (Hio  limb  of  the  tube  is  just  equal  to  thf  downward  pressure 
of  the  fluid  iii  tlit^  otlier.  Tij  onler  ti>  ada]»t  this  "  U-tubf '*  to  tlie  study  of  the 
bh>mt-pre.s:?un',  thai  Jimb  f>l*th«.^  tube  which  is  to  commuuicate  with  the  artery 
or  vgId  is  capped  with  a  eoek  which  cau  be  closed.  Into  this  same  limb,  a  little 
way  Im'Iow  the  ciM'k,  (»p**iis  at  riglit  auples  a  ^ihort  stnii;T;ht  £;lass  tnlK*,  whicli  is 
to  comimiuicate  witli  the  blood-vessel  through  a  long  flexible  tube  of  Iciid,  sup- 
ported by  the  iron  frame,  and  a  short  glass  cannula  tied  iuto  the  blood-vessel 
itself.  Two  short  jiircps  *>f  india-rubber  tiilRjoiti  (lie  lead  tube  t<i  the  manometer 
and  the  ciuiuula.  Bi"fo!*e  the  blooil-vessel  is  coDiiectetl  witli  the  manometer,  the 
latter  i;?  filleil  witli  fluid  between  the  surface  of  the  mercury  next  the  bhxxl- 
vessel  and  the  outer  eud  of  the  lead  tube,  which  fluid  is  such  that  when  mixed 
with  blood  it  prevents  or  greatly  i-etaiils  coagulation.  With  tins  siunc  fluid 
the  glass  cannula  in  the  blood-vessel  is  also  tilletl,  and  then  this  cannula  and 
the  lead  tube  are  connected.  The  cock  at  the  upper  end  of  the  '*  proximal 
limb"  of  the  manimioter  is  to  facilitate  this  filling,  l>eing  conn<'<*ted  by  a  rnl>- 
ber  tiilje  with  a  "pressure  bottle,"  ami  is  cIosikI  when  the  tilling  has  been 
accomplished.  The  fluid  introduced  by  Poiseuille  and  still  generally  used  is 
a  strong  watery  solution  of  sodinm  ciirhinale.  A  S4)lution  of  magnesium  snU 
plmtc  is  also  gixjd.  If,  in  injecting  this  fluid,  the  column  of  mercury  iu  the 
** distal  limb"  is  brought  to  about  the  height  which  is  expected  to  indicate  the 
hlood-pressure,  but  little  bloo<l  will  estvipe  from  the  blood-vessel  when  the 
clamp  is  taken  from   it^  and  coagulation   may  not  set  in   for  a  long  time. 

The  Reoordingr  Mercurial  Manometer  and  the  Qraphic  Method. — 
When  the  arterial  jiressure  is  under  observation,  the  combined  respiratory 
iiud  cardiac  fluctuations  of  the  mercurial  4-olnmn  are  so  ct>mplex  and  fre- 
quent that  it  is  very  hard  to  read  olV  their  ctjursc  accurately  even  with  the 
help  of  a  ndtlirneter-scale  planted  lH?side  the  tube.  In  1847  this  difficulty  led 
the  Grerman  physiologist  Carl  Ludwig  to  convert  the  menunal  mixnoraeter 
into  a  self-registering  instrument.  This  invention  marked  an  cpxih  not 
merely  in  the  investigation  of  the  cireulution)  but  in  tlie  whole  soienoe  of 
physiology,  by  beginning  the  present  "graphic  metluxl  "  of  pliysiologioal 
Work,  which  has  led  to  an  immense  advance  of  knowle^lge  iu  many  de^mrt- 
roent«.  I^ndwig  devise*!  the  **rpcor»ling  manometer"  by  jvlacing  ufK»n  the 
mercury  in  the  distal  air-containing  limb  of  Poiseuille's  instrument  an  ivory 
float,  bearing  a  light,  stiff,  vertical  rwl  (sec  Fig.  15).  Any  fluctuation  of  the 
mercurial  cnlumu  (r!uis<'d  flimt  and  rod  io  rise  and  fall  like  a  pist-iiu.  The  rod 
projected  well  above  the  nmnometer,  at  the  mouth  of  which  a  deliaite  bear- 
ing was  providwl  to  keep  the  motion  of  the  rod  vertical,  A  very  delicate 
pen  placed  horizontally  was  fastened  at  right  angles  to  the  upper  end  of  the 
rod.  If  a  firm  vertical  surface,  covered  with  paper,  were  now  j>lacetl  lightly 
in  a>utact  with  the  pen,  a  rise  of  the  mercury  would  cause  a  c^ri'csponding 
vertical  line  to  Ix^  marked  upon  the  j>a]>er,  and  a  succeeding  fall  wotdd 
cause  the  descending  pen  to  inscribe  a  sec<md  line  covering  the  flrst.  If 
now  the  vertical  surface  were  made  to  move  past  the  pen  at  a  uniform  rate, 
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the  successive  up-an<i-<lown  movements  of  the  mercury  would  do  longer  be 
marked  over  and  over  again  in  the  same  plooe  so  as  to  prtxluce  a  single  ver- 
tical line.  The  »pace  and  time  taken  up  by  each  tinetuatiou  would  be  gi-aph- 
ically  recorded  in  the  form  of  a  curve,  itself  a  portion  of  a  continuous  trace 
marked  by  the  su<^cessive  Huotnatious  ;  thus  both  the  ix'^pinitory  and  t^anliac 
tluctuatious  could  be  registered  throughout  au  observation  by  a  single  complex 
curving  line.  Ludwig  stretched  his  pajwr  aitmnd  a  vertical  hollow  cylinder 
of  bra»*,  made  in  revolve  at  a  regular  known  rate  by  meann  nf  clock-work, 
mnd  the  conditions  above  indicati.'il  were  satisfied  *  (see  Fig.  15).  U|m)ii  the 
BUrfaoe  of  such  a  cylinder  verti(?al  <Iistatux'  iTpresents  space,  and  a  vcrti^id  line 
of  roeosurcment  is  caiJed,  by  au  application  of  the  language  of  muthcmutics, 
an  "ordinate;"  horizonlul  distance  represents  time,  and  a  horizontal  line  of 
measurement  is  called  an  "abscissa."'  The  curve  marked  by  the  events?  re- 
corded is  always  a  mixeii  record  of  space  and  time.  The  inHtrumeut  itself^ 
the  easential  pjin  of  which  is  the  regularly  revolving  c>'liiider,  is  called  the 
"kymograph.*'*  It  has  undergone  many  changes,  and  many  varieties  of  it 
are  in  use.  Any  motor  may  be  used  to  drive  the  cylinder,  provided  that  the 
■^)eed  of  the  latter  be  nnifonii  and  mtitable. 

The  curve  written  by  the  manometer  or  other  reoonling  instrument  may 
either  be  marked  upon  paper  with  ink,  as  in  Ludwig's  earliest  work  ;  or  may 
be  marked  witli  a  needle  or  some  other  fine  pointed  thing  upon  i»aper  black- 


p,o.  Ifi.— Tho  trace-  of  AfUMial  blood  prcuurc  trom  a  dog  aiubsthetlxed  wtlti  morphia  und  ether.  The 
dtniitilii  waa  In  the  proxlDial  «tump  of  the  conunoD  camtid  artery.  The  curve  la  tu  be  road  from  loft 
to  right. 

P,  tht!  prcainro-lraee  written  by  the  recordtriK  mercurial  raanomoCer : 

B  L,  the  baie  line  nr  atMclvsa,  rvprefwntlng  the  prewiure  of  the  atiuoAphvrc.  The  dUtancv  between 
the  baae-lloe  and  the  prwsun.»-curTe  variet.  In  the  ori»rlnal  tract",  between  (tt  and  77  iiitllluu'tiTB,  there- 
tore  the  prcMurc  varln  between  124  and  164  mUllmclcr*  of  mercury.  le«»  a  small  corrvrtiun  for  the 
welfbt  of  tbe  sodium -carbonate  loluUon ; 

T,  the  tline-trmc«.  made  np  of  Interrals  of  two  wcondii  each,  and  written  by  an  rlectro-mac- 
neUc  chronograph. 

ened  with  soot  over  a  flame.  The  trace  written  upon  smoke*!  pajwr  is  the 
more  delicate.  After  the  trace  has  been  written,  the  smoked  pajx^r  is  removwl 
from  the  kymograph  and   passed  through  a  pan  of  shellac  varnish.     This 

'  C.  Lmlwig:  *' Beilrii^e  ziir  Kenntniw  dea  KinflusBcs  der  Reapimtioonlwwe^nKen  auf 
den  Bititlaiif  tm  Aortensyatenie,"  JHuUer't  ArcMv  Jwr  ^ttnlomir.  Pkytioiogir^  und  vrimenMcha/Uickt 
MedihH^  etc,  IM",  S.  242.  '  Kroia  «'/«a,  m  wave. 
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when  dry  fixes  the  trace,  which  thereafter  will  not  be  spoiled  by  haDdliug. 
In  Figure  1<5  the  uppermost  line  shows  a  trace  which  fairly  i-opreseuL^  the 
sncoessive  fluctuations  of  the  aortic  pressure  of  the  dog.  The  longer  and 
ampler  fluctuations  are  respiratory,  die  briefer  aud  slighter  are  cardiac.  In 
each  respiratory  curve  the  lowest  point  and  the  succeeding  astient  coincide  with 
inspiration;  the  highest  point  and  the  succeeding  descent  with  expiration. 
The  horizontal  middle  line  is  the  bas<f  line,  representing  the  pressure  of  the 
atmosphere.  The  base-line  h;is  Ikioii  shifted  upward  in  the  tigure  simply  in 
order  to  save  mom  oo  the  p^i^*.  In  the  lowermost  line  the  sntioessive  spaces 
from  left  to  right  of  tlie  reader  leptvK-nt  successive  intervals  of  time  of  two 
seconds  each,  written  by  an  eleL-tro-magnetic  chronograph.  The  pressure-trace 
taken  fi-om  a  vein  may  in  certain  regions  near  the  chest  show  i"espinitory  fluc- 
tiKitifHis,  but  nowhf'rf"  rardiac  ones,  as  tlie  jhiIhc  is  not  transmitt<?d  to  the  veins. 
The  venous  pi-essure  is  so  small,  that  for  the  practical  study  of  it  a  recording 
manometer  must  be  used  in  which  some  lighter  fluid  replacxjs  the  mercury, 
wiiich  woiiid  give  a  column  of  insuffieioui  height  for  working  purposes.  The 
values  obtiiined  are  then  n^hice<l  hv  wdculation  to  niillimea-rs  of  mercury^  for 
comparison  witfi  the  arterial  pressure.  The  intnivasmilar  pressure  at  a  given 
moment  «in  be  measured  by  measuring  a  verticid  line  or  '*  ordinate"  drawn 
from  the  curve  written  f>y  the  nianonteter  to  the  horizontal  Imse-line.  The 
latter  n.'presents  the  height  of  the  tnaiiometrii'  eolumn  when  just  disconnected 
from  the  blood-vesftol ;  that  is,  when  actwl  u|M>n  only  by  the  weight  of  the 
atmosphere  ami  (tf  tht>  solution  of  stHliutu  carbonate.  To  :Lsty?rtain  the  blowl- 
pressnre,  the  Ittngth  of  th*;  line  thus  nR^asurtnl  must  lie  doubled  ;  l>rcause  the 
mercury  iti  the  proximal  liujb  of  the  manomet-er  sinks  under  the  blood-pres- 
sure exactly  as  much  as  the  float  rises  in  the  distal  limb.  A  small  correction 
must  also  Ijc  nnuk'  for  the  weight  of  the  solution  ot"  sodium  carbouate. 

The  Mean  Preseure, — The  "  mean  pressure  "  is  the  average  pressure  dur- 
ing whatever  length  of  time  the  observer  chooses.  The  mean  pressure  for  the 
given  time  is  ascN3rtained  from  the  manometric  trace  by  measurements  Ux> 
coiuplicaied  to  be  explained  \\Q.ve,  As  the  weight  and  Cfjuscquciit  inertia  of 
the  mercury  cause  it  to  fluctuate  according  to  circumstances  more  or  less  than 
the  pressure,  the  mean  jirossure  is  much  more  accurately  obt;nne<l  from  the 
mercurial  nmnomctt'r  than  is  tlje  true  lu-ight  of  each  Huciuation,  wlvicli  is  very 
comumuly  written  too  small.  Therefore,  it  is  especially  the  mean  pressure 
that  is  studied  by  means  of  tlie  nierrurial  manometer.  The  true  extent  and 
finer  characters  of  tlie  single  fluctuation-i  cau^rcd  by  tlie  heart's  beat  are  l>etter 
studied  with  other  instruments,  as  we  shall  see  in  denling  with  the  pulse. 

It  has  Ijeen  seen  that  tlie  blorwi  flows  continiionsly  through  the  capillaries 
because  the  pressure  is  ct>ntiima]|y  higti  in  the  arteries  and  low  in  the  veins. 
The  reader  is  now  in  position  to  understand  statements  of  the  blood-pressure 
expivsswl  in  millimeters  of  tnercurv.  Tin*  mean  aortic  pressure  in  the  dog  is 
far  from  l)eing  always  the  same  even  in  tfie  same  animal.  We  have  foumi  it, 
in  the  <*ase  referred  to  on  page  85,  to  he  e(jiiivaleut  to  alj^nit  121  millimeters 
of  mercury.     It  will  very  commonly  be  found  higher  than  this,  and  may  range 
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Dp  to,  or  above,  200  miiliineters.  lu  man  it  is  probably  higher  than  in  the 
dog.  The  pressure  iu  the  otlier  arteries  derivwl  from  the  aorta  whirh  li:ive 
been  stnilictl  manotnttriailly  is  not  very  greatly  lower  than  iu  that  vessel-  In 
the  pulmonary  arteries  the  i»i*e8sure  is  probably  tuuoli  lower  than  in  the  aortic 
system.  The  pressure  in  the  small  veins  of  the  head  of  the  dog,  the  canntila 
being  in  the  distal  stump  of  the  external  jugular  vein,  we  have  fouud  already 
in  one  case  tu  e<|ual  aUiuit  14  millimeters  of  mereury.  In  siu'h  a  vi\^^  the 
presence  of  valves  in  the  veins  ami  oilier  elements  of  ditliciilty  make  the 
mean  preasure  bawl  to  obtain  as  oppose<i  lo  the  raaxinium  juv^sure  daring 
tLe  period  of  ol>st'rvati()n. 

If  a  eannula  be  (>o  itiseitetl  as  to  transmit  the  pressure  obtaining  within 
the  grt^t  veiua  of  the  neck  just  at  the  entrance  of  the  chest,  without  interfer- 
ing with  the  movement  of  the  blotwl  through  tlx-tiuani!  if  a  manometer  be 
connected  with  thi^  eaniiula^  the  Huid  will  fall  bi'low  tht-  zero-point  iu  the 
distal  limb,  indicating  a  slight  suction  from  within  the  vein,  and  thus  a 
slightly  "  negative  "  pressui*e.*  This  negative  pressure  may  sometimes  become 
more  prononnned  during  iuspiratioi*  and  regain  its  former  value  during  ex- 
piration. Sometimes,  again,  the  pR^suix^  during  expir.itioti  may  liefome  jjosi- 
tive.  The  contitinous  flow  from  the  great  arteries  thnmgli  the  capillaries  to 
the  veins,  and  through  thes<»  t<»  the  auricle,  is  tlierefoix'  shown  by  careful 
quantitative  methtxlsj  no  K'ss  than  by  the  tube  of  Utiles,  to  be  simply  a 
Me  of  movement  of  a  Auid  from  seats  of  high  to  seats  of  lower  pressure. 

The  Symptoms  of  Bleeding  in  Relation  to  Blood-pressure. — The  dif- 
ferences of  pressure  revealed  scientifically  by  ilic  manometer  exhibit  ihem- 
selyes  in  a  ver>'  important  practical  way  when  blood-vessels  are  woundcMl  and 
bleeding  otx-nrs.  If  an  artery  be  cleanly  cut,  the  high  pressure  within  drives 
out  the  blood  iu  a  long  jet,  the  length  of  which  varies  rhythmiwilly  with  the 
cardiac  pulse,  but  varies  only  to  a  moderate  degree.  From  woundeti  i-apil- 
laries,  or  from  a  wouiidc*]  vein,  owing  to  the  low  pressure,  the  bloo<l  does  uot 
spring  iu  a  jet,  but  simply  flows  out  over  the  surfiu'c  and  drips  away  without 
pulnatiou.  At  tiie  root  of  tlie  neck,  where  the  venous  pressure  may  rhytlimi- 
eally  fall  In>1ow  and  rise  above  the  atmospheric  pressure,  the  bleeding  from 
a  wounded  vein  may  be  intermittent. 


D.  The  Causes  of*  the  Pressueb  m  the  Arteries,  pAPnj.ARiBa, 

AND  Veins. 

Tiie  causes  of  the  continuous  high  pressure  in  the  arteries  must  first  engage 
our  attention. 

Resistance. — The  great  nimification  of  the  arterial  system  at  a  distance 
fmm  the  lu^jtrt  culminates  in  the  formation  of  the  countless  arterioles  ou  the 
cimfines  of  the  rapillarv  svstem.  We  have  already  seeu  direct  evidence  of  the 
friction  in  the  minute  vessels  which  results  from  this  enormous  subdivision  of 
the  bloixl-pjith.     The  forct*  rr'sultitig  fr<»ni  this  friction   is  propogateii  back- 

^  H.  Jiu^>lM«»n :  '*  I'eber  <He  (UuOiewcgunp  in  den  Venen,*'  Beiehtrf$  und  du  BoitfRof^ 
momi$  Arduv  Jur  Auatvmu,  Ph^iotot/ir,  etc..  1867.  H.  224. 
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ward  accortliug  to  the  laws  of  fluiil  juvsMire,  auil  coustitutes  a  strong  resist- 
auce  to  the  onward  inovetneut  of  tlie  blood  out  of  the  Jieart  itself,  FrictioD 
is  every  vv here  prcscut  in  the  vessels,  but  is  greatest  iu  the  very  small  ones 
collectively. 

Power. — Where  the  aorta  springs  from  the  heart,  the  rhythmic  contrac- 
tions of  the  loft  ventricle  foroe  open  the  arterial  valve,  and  force  intermittent 
charges  of  hhio<]  into  the  nrt^erial  jsystenij  overcoming  thus  the- opposing  force 
derived  from  friction.  Tlie  wall  of  the  arterial  .system  is  very  elastic  every- 
where. Thus  the  high  pressure  in  the  arteries  results  from  the  intoraetiou  of 
the  power  derlvetl  fnun  (he  heart's  Ix'at  and  tlie  resistance  derive^l  fn>m  fric- 
tion. That  the  high  pressure  is  cijutiunuus  dejxiudrt  upon  tlie  capacity  lor 
distention  possessed  by  the  elastic  arterial  wall. 

Balance  of  the  Factors  of  the  Arterial  Pressure, — Tn  order  to 
study  the  causatitju  of  the  arterial  iircs.'^ni-e,  let  us  imagine  Uiat  it  has  for  some 
reason  sunk  very  low  j  but  that,  at  the  moment  of  oljservation,  a  normally 
beating  heart,  is  injecting  a  normal  bl<jo<l-charge  into  the  aorta.  The  first 
injection  wouUl  find  tlie  resistance  of  friction  pivsent,  and  tlie  elastic  arterial 
wall  but  little  di^temlwl.  For  tins  injection  some  room  would  be  made  by 
the  displacement  of  bloixi  into  the  capillaries.  But  it  would  be  easier  for  the 
arterial  wall  to  yield  than  for  the  friction  to  be  overcome,  so  the  injected 
bloml  would  largely  be  st^iri'd  within  the  arterial  svstcni  and  thus  raise  the 
pressure.  Suetxiediug  injectious  would  have  similar  results;  it  would  continue 
to  be  easier  for  the  iiij^xrted  bIoo<l  to  distend  the  arteries  than  to  esf.'sipe  from 
them;  antl  the  arterial  pressure  would  rise  rapidly  towanl  its  normal  height 
Preseutly,  however,  a  limit  would  be  reached  ;  a  time  would  come  when  the 
elastic  wull,  already  well  stretoheil^  would  have  Ijecome  tenser  and  stiffer  and 
woula  yield  less  readily  before  the  entering  blood  ;  and  now  a  lai*ger  part 
than  before  of  each  sucf*c.ssive  charge  of  blood  would  l>e  accommodated 
by  the  displacement  of  an  eipiivaleut  (juantity  into  the  capillaries,  anil  a  smaller 
part  by  the  yiehHng  of  tlie  arterial  wall.  Normal  condhions  of  pressure 
woidd  l>c  ivachcd  and  maintaimHl  when  the  blood  a4'cummo<lated,  during  each 
systole  of  the  ventricle,  by  the  yielding  of  the  arterial  wall  should  exactly 
Cfjual  in  amount  the  WikkI  discharged  from  the  arteries  into  the  cai>illarics 
during  each  ventricular  diastole;  f«>r  then  the  nuantity  of  blootl  parted  with 
by  the  arteries  during  both  the  systole  and  the  diastole  of  the  heart  would 
be  exactly  the  same  as  that   riH^eivetl  {luring  its  svsliile  alone. 

We  see  that,  at  each  canliac  systole,  the  cardiac  muscle  does  work  iu  maiu- 
taining  the  capillary  flow  against  friction,  and  also  does  work  upon  the  arte- 
rial wall  in  expanding  it.  A  portion  of  the  manifest  i^nei^y  of  the  heart's 
beat  thus  becomes  potential  in  the  sti-etche^]  elastic  fibres  of  the  artery.  The 
moment  that  the  work  of  expansion  ceases,  the  stretched  elastic  fibres  recoil; 
their  potential  energy,  just  received  from  the  heart,  becomes  manifest,  and 
work  is  done  in  maintaining  the  capillary  flow  against  friction  during  the 
repose  of  the  cardiac  muscle.  At  the  beginniut;  of  this  repose  the  arterial 
valves  have  l>een  closed  by  the  arterial  recoil.     \Vl»en,  at  each  cardiac  systole, 
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the  anorial  wall  expands  before  the  entering  blood,  the  pressure  rises^  for 
more  blood  is  entering  ihe  aileriul  system  than  is  leaving  it ;  when,  at  eflch 
isiptliae  diastole,  the  ai*terial  wall  recoils,  the  pressure  falls,  for  blcxHl  Is  leavinf^ 
the  arterial  system,  and  none  is  entering  it.  But  before  the  fall  has  had  time 
to  he<!on]e  pronounced,  while  the  arterial  pressure  is  still  high,  the  cardiae  sys- 
tole recurs,  and  the  pi-e.-v^ure  rir^es  again,  as  at  the  preceding  tlnctiiation. 

The  Arterial  Pulse. — The  increased  arterial  pressure  uikI  aniplitutle  at 
the  cardiac  systole,  foUowetl  by  diminished  pressure  and  amplitude  at  the 
iranliae  diastole,  eonstitute  tlie  main  pliL'nomena  of  the  arterial  pulse.  They 
are  markeii  in  the  manometiio  tnKx;  by  those  lesser  rhythmic  fluctuatione  of 
the  mercury  whieh  correspon*!  with  the  heart-beats.  The  causes  of  the  arte- 
rial pulse  hav'*;  just  In^en  indi(*:ited  tn  ilealinp  with  the  causes  of  the  arterial 
pressure.  The  pulse,  in  some  of  its  details,  will  be  (;tudie<I  Airtlier  for  itself 
ill  a  later  chapter.  For  the  sake  of  HimpHeity,  the  respiratory  fluctuatious  of 
the  arterial  pressure  have  not  becu  dealt  with  in  the  discussion  just  con- 
clude<l.  The  causes  of  these  im^K)r(aut  Huetimtious  are  very  complex  and  are 
treated  of  under  the  head  of  Respiration. 

The  arterial  pressure,  then,  results  from  the  volume  and  frequency  of  the 
injections  nf  lilooil  made  by  the  heart's  eontractinn  ;  from  the  friction  in  the 
vessels;  and  from  the  ela-^ticity  of  the  arterial  wall. 

The  Capillary  Pressure  and  its  Causes. — When  we  studied  the  move- 
ment of  the  blood  in  the  capillaries,  we  tnund  the  pi*essure  \w  them  to  be  low 
and  free  from  rhythmic  fIncluationH.  In  lK>th  of  these  qualities  tlic  capillary 
presisure  is  iu  sharp  contrast  with  the  arterial.  What  is  the  reoBou  of  the  difi'er- 
ence?  The  work  of  <lrivinL:the  bhuMl  through  as  well  as  into  the  capillaries  is 
done  during  the  contra<'tion  <if  the  heart's  wall  by  its  kinetic  energy.  During 
the  re|)OHe  of  the  heart's  wall  and  the  arterial  recoil  this  work  iH  coutinuetl  by 
kinetic  energy  derivecl,  as  we  have  M»en,  from  the  preceding  cardiac  contraction. 
The  work  of  pnwlueing  the  rapillary  flow  is  <ioDc  in  overa)ming  the  resistance 
of  friction.  The  capillary  walls  are  elastic.  The  same  three  factors,  then — 
the  power  of  the  heart,  the  resistance  of  friction,  the  elasticity  of  tl»e  wall — 
which  province  the  arterial  pressure  prmluce  the  capillary  pressure  also.  WJiy 
ii^  the  capillary  pressure  normally  low  and  pulseless?  The  answer  is  not 
difficult.  The  friction  which  must  be  overcome  iu  order  to  propel  the  blood 
out  of  the  capillaries  into  the  wider  venous  branches  is  only  a  part  of  the  total 
friction  which  op[x>scs  the  admission  of  the  bloiKl  to  the  minuter  vessels.  The 
resistance  is  therefore  diminished  which  the  blood  has  yet  to  encounter  after 
it  has  actually  enterwl  the  ttipilluries.  The  foroe  which  propels  the  bUxxl 
through  the  ("npillaries,  although  amply  suificieut,  is  greatly  less  than  the 
force  which  pro|»eIs  it  into  and  through  the  larger  arteries.  In  both 
cases  alike  the  force  is  that  of  tlie  heart's  beat.  But,  in  overcoming  the 
frifiion  which  resists  the  entrance  of  the  blood  into  the  capillaries,  a  large 
amount  t>f  the  kinetic  energy  derived  from  the  heart  has  l)ecome  converted 
ioto  heat.  The  power  is  therefore  diminished.  As,  in  pro<lucing  the  high 
arterial  pressure,  much  power  is  met  by  much  resistance,  and  the  elastic  wall 
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is,  therefore,  disiendetl  with  acciiiuulateil  blood  ;  so,  in  producing:  the  low  capil- 
lan'  prcssure,  diminished  power  is  met  by  diminished  I'osislancc,  outflow  is 
relatively  easy,  acvumulutiou  is  slight,  and  the  elaiilicity  of  the  delicate  wall 
is  hut  little  called   t}\nm. 

The  Extinction  of  the  Arterial  Pulse. — But  why  is  the  ci»pillarv  pres- 
sure jiulse]e.s.s, as  the  microKHtpe  shows?  To  explain  this,  no  new  tiictors  need 
diiicussion,  but  only  the  adjustment  of  the  arterial  ela.^ticity  to  the  interniitteut 
injections  fn>ni  the  heart  and  to  the  total  friction  which  opposes  the  adraiissioti 
of  hlood  to  the  capillaries.  Tiiis  adjustment  is  >iucli  that  the  reyoil  of  the 
arteries  <lisplaee.s  blooil  iuto  the  csiplllaries  during  the  ventricular  diastole  at 
exactly  the  .same  rate  as  that  pimluced  by  the  ventricular  contraction  during 
the  ventricular  systole.  Thus,  through  the  elasticity  of  the  arteries,  the  car- 
diac |)ul.se  undcrgtjcs  extiuetioii ;  aud  this  becomes  complete  at  the  coufiues 
of  the  eapitlaries.  The  respiratory  fluetuatioue  becf»n»e  extinguished  also,  and 
the  movement  of  the  bliMKl  in  the  capillaries  exhibits  no  rliytlnnic  changes. 
This  conversion  of  an  in  term  i  I  tent  How  into  one  nut  merely  continuous  but 
approximately  constant  affords  a  constant  bUxKl-supply  to  the  tissueSj  at  the 
same  time  that  the  cartliac  nniscle  can  liave  its  diastolic  repose,  and  the  ven- 
tricular cavities  the  necessary  opportunities  to  receive  from  the  veins  the 
bloo4l   which   is  to  be  tninsferivd   to  the  arteries. 

A  simple  experiment  will  illustrate  the  foregoing.  Let  a  long  india-rubber 
tube  be  taken,  the  wall  of  which  h  tldn  and  very  ela-stic.  Tie  into  one  end 
of  the.  tube  a  slun't  bit  of  glass  tubing  ending  in  a  fine  uokkIc,  the  friction  at 
wliii'h  will  caiUHC  great  resistance  to  any  outflow  thnujgh  it.  Tie  into  the 
other  end  of  the  rubber  tulw  an  ordinary  syriu^a'-bulb  of  india-rubber,  with 
valves.  Exfjcl  the  air,  and  inject  water  into  the  tube  from  the  valved  bulb 
by  alternately  squeezing  the  latter  niid  allowing  it  to  expand  and  be  filled 
from  a  ba.sin.  The  rubber  tube  will  j^well  and  pulsate,  but  if  its  elasticity 
have  the  right  relation  to  the  size  of  the  fine  glass  nozzle  and  to  the  amplitude 
and  frequency  of  the  strokes  of  the  syringe,  a  continuous  and  uniform  jet  will 
l>e  delivereil  from  the  nozzle,  while  the  iujections  of  water  will,  of  course,  be 
intermittent. 

The  Venous  Pressure  and  its  Causes. — The  pressure  in  the  peripheral 
veins  is  less  than  in  the  capillaries  and  declines  as  the  blood  reaches  the  larger 
veins.  Very  close  to  the  chest  the  pressure  is  behiw  the  [jressure  of  the 
atmosphere,  and  mny  sometimes  vary  frtim  negative  to  positive,  tbiluwtng  the 
rhythm  of  the  breathing.  These  respiratory  fluctuations  will  l>e  consideretl  later. 
The  low  aud  declining  pressures  under  which  tin'  blooil  rnf>ves  througli  the 
venules  and  the  lai^r  veins  are  due  to  the  same  cjiuses  as  those  which  account 
for  the  capillary  pressure.  It  is  still  the  force  generated  by  tlie  heart's  con- 
tnictions,  and  made  uniform  by  the  clastic  arteries,  which  drives  the  hUyod 
into  and  through  the  veins  back  to  the  very  heart  itself.  As  the  blood  moves 
through  the  veins,  what  resistance  it  encounters  is  still  that  of  the  friction 
ahead.  But  the  friction  ahead  is  progressively  less;  the  conversion  of  kinetic 
energy  into  heat  is  progressively  gi'eater.     The  venous  wall  passcssea  elas- 
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ticity,  but  this  is  even  less  called  upon  than  tlmt  of  the  capillaries;  and,  pres- 
ently, in  the  larger  veins,  the  moving  blood  is  found  to  press  no  harder  from 
"witliin  than  the  atniaj-plien!  fnitu  without. 

Subsidiary  Forces  which  Assist  the  Plow  in  the  Veins. — There  are 
certain  forces  which,  occasionally  or  regularly,  assist  the  heart  to  return  the 
venous  blocnl  into  itself.  T<h)  iiiuih  stress  is  often  laid  iijion  these;  for  it  is 
easy  to  see  by  exjwrinient  tlmt  iIh-  heart  can  niaiutaiu  the  cii-culatiou  wholly 
witikout  help.  The  origins  of  these  subsidiary  forces  are,  first,  the  contraction 
oi'  the  skeletal  muscles  in  penrml ;  second,  the  continiious  traction  of  llie 
lungs;  thin],  the  contraction  of  the  rausc-les  of  inspiration. 

The  Skeletal  Miiscles  and  the  Venous  Valves. — A  vein  may  lie  in 
such  relation  to  a  muscle  that  when  the  latter  contracts  the  vein  is  pressed 
upon,  its  feeble  bhwMl-piehsure  is  overborne,  the  vein  is  narrowed,  and  blood 
is  squeezed  out  of  it.  The  veins  in  many  parts  are  rich  in  valves,  com()etent 
to  prevent  regurgitation  of  the  blund  while  |>erniitting  its  flow  in  the  physio- 
logical direction.  The  pressure  of  a  contracting  nui^'lc,  therefore,  can  only 
squeeze  bkxjd  out  of  a  vein  toward  the  heart,  never  in  tlie  reverse  direction. 
Muscular  contraction,  then,  may,  and  often  does,  assist  in  the  return  of  the 
venous  bhKxl  with  a  fortv  not  even  indinH'tly  derived  from  the  heart.  Hut 
such  assistance,  aUhougli  it  luay  be  vigorous  and  at  tinics  imjiortaiit,  is  trau- 
«ieut  and  irregular.  Indeed,  were  a  given  muscle  to  remain  long  in  contrac- 
tion, the  continueil  squeezing  of  the  vein  would  be  an  obstruction  to  the  flow 
through  it. 

The  OontinuouB  Pull  of  the  Elastic  Lunfirs. — The  influence  of  thoracic 
aspiration  ujhhi  the  movement  of  the  MokI  in  (he  veins  deserves  a  fuller  dis- 
cus.sion.  Tl»e  root  of  the  neck  is  the  region  where  (his  influence  shows  itself 
most  clearly,  but  it  nuiy  also  be  verified  in  the  ascending  vena  cava  of  an 
aniuiul  in  which  the  al>domen  has  been  opened.  The  physiology  of  respira- 
tion shows  that  not  onlv  in  inspiration,  but  also  in  expiration,  the  elastic  fibres 
of  the  lungs  are  upon  the  stretch,  and  are  pulling  up<^(U  the  ribs  and  intercostal 
8|>aoes,  upon  the  diaphni^ni,  an<t  upon  the  heart  and  the  great  vessels.  This 
dilating  force  at  all  times  exerted  U|M>n  the  heart  by  the  lungs  is  of  assistance, 
ns  we  shall  set*,  in  the  diastolic  ex|)ansion  of  its  ventricles.  In  the  same  way 
the  elastic  pull  of  the  lungs  acts  upon  the  venie  cavee  witLin  the  chest,  and 
generates*  within  them,  as  well  as  within  the  right  auricle,  a  force  of  suction. 
The  effects  ujhju  the  venous  flow  of  this  continuous  aspiration  are  best  known 
in  the  system  of  tJic  dej^cending  vena  cava.  This  suction  from  within  the 
chest  extends  to  the  great  veins  just  without  it  in  the  neck.  In  these,  close  to 
the  chest,  as  we  have  seen,  manometric  obsen'ation  reveals  a  continuous  slightly 
negative  pressure.  A  little  farther  from  the  chest,  however,  but  still  within 
tljc  lower  portions  of  the  neck,  the  intravenous  pix^ssure  is  slightly  |wjsitive. 
The  elastic  pull  of  (he  lung,  therefore,  continuouhly  assists  in  unloading  (he 
terminal  part  of  the  venous  system,  and  thus  differs  marke<lly  fnjra  the  irreg- 
ular contractions  of  the  skeletal  muscles. 

The  Contraction  of  the  Muscles  of  Inspiration. — But  some  skeletal 
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muecles,  tlio&e  of  inspiration,  regularly  add  their  rhythmic  oontractions  to  the- 
continuous  pull  of  the  lunj^,  t<»  reinfort«  the  hitter.  Each  time  that  the  chest 
exjHiudb  there  \is>  an  increa-seti  tendency  for  blood  to  be  suckeil  into  it  through 
the  veins.  At  the  begin  uitig  of  each  expiration  this  increase  of  suctioa 
abruptly  r**ases. 

The  Reepiratory  Ptilse  in  the  Veins  near  the  Chest,  and  its  Limita- 
tion.— In  quiet  breathing  the  movement."?  of  the  chest-wall  pnKluce  no  very 
conspicuous  eflect.  If,  however,  deep  and  infrequent  breaths  be  taken,  the 
pressure  within  the  veins  close  to  the  chest  Ixicomes  at  each  inspiration  much 
more  negative  than  before;  and  at  each  inspiration  the  area  of  ucgative 
pressure  may  extend  to  a  greater  distance  from  the  chest  along  the  veins  of 
the  neck,  and  |>crhaps  of  the  axilla.  As  the  venous  preivsure  in  these  ]>nrts 
now  falls  as  the  chcf^t  rises,  and  rises  as  the  chest  falls,  a  visible  venous  pulse 
presents  itself,  coinciding,  not  with  the  heart-beats,  but  with  the  breathing. 
At  each  inspinttron  the  veins  diminish  in  size,  as  their  content*  are  sucked 
into  the  chest  fatiter  thaji  they  are  renewed.  At  each  expiration  the  veins  may 
be  seen  to  swell  under  the  pressure  of  tlie  blood  coming  from  the  periphery. 
If  the  movements  nf  the  air  in  the  windpipe  be  mechanically  impc»ded, 
these  changes  in  the  veins  reueh  their  highest  pitch  ;  for  then  the  muscles  of 
expiration  may  actually  compress  the  air  within  tlie  lungs,  and  produce  a 
positive  pressure  within  the  vena  cava  and  its  branches,  with  resistance  to  the 
return  of  venons  Mood  diirinir  expiration,  shown  by  the  swelling  of  the  veins. 
These  pheuoniLiia  arc  su<ldcnly  succeeded  by  suction,  mid  by  co!hip.se  and 
disappearance  of  the  veins,-a8  inspiration  suddenly  recurs.  The  respiratory 
venous  judsc,  when  it  ^xviirs,  dihiinishos  progressively  and  rapidly  as  the 
veins  arc  observed  farther  anil  larthcr  from  the  mot  of  tlit?  nc4!k — a  fact 
which  results  from  tlie  flaccidity  of  the  venous  wall.  Were  the  walls  of  tlie 
veins  rifjid,  like  glass,  tlie  successive  inspirations  would  produce  obvioua 
accclenitions  of  the  How  tlinnigliout  the  whole  venous  system,  and  the  con- 
tnictions  of  tin;  muscles  of  inspiration  would  rank  higlicr  than  they  do  among' 
the  catises  of  the  circulation.  In  tact,  tlie  walls  of  the  veins  are  very  soft 
and  thin.  If,  therefore,  near  the  client,  tiie  pressure  of  the  ld<>o<l  within  the 
veins  sinks  below  that  of  the  nimnsphcrc,  \\w  place  of  the  blood  sucked  into 
the  chest  is  filled  only  partly  by  a  heightened  flow  of  blood  from  the  periph- 
ery, but  partly  also  by  the  soft  venons  wall,  whicli  jiromptly  sinks  under 
the  atmo.-]>hcric  pressure.  This  is  sliown  by  the  visible  Hiittcninc:,  perhaps 
distippeanuicc  from  view,  of  the  vein.  This  process  reduces  the  visible 
vnons  pulse,  whcix*  it  occurs,  to  a  kw*al  phenomenon  ;  for^  at  each  inspira- 
tion, tlk!  projoptly  resulting  shrinkage  of  all  the  atlVvfcil  veins  tog<'ther  is 
nearly  erpiivalent  to  the  loss  of  volume  due  to  the  sucking  of  blood  into  the 
chest.  Therefore  tlie  flow  in  the  more  pcriphcnil  veins  remains  but  slightly 
affecte<l,  and  the  pressure  within  them  cdntitiurs  to  be  positive  and  without 
a  visif»le  pulse.  During  expiration  the  swelling  of  the  veins  near  the  chest, 
the  return  of  positive  pressure  within  theni,  mav  be  simply  fn)m  the  return 
of  the  ordinary  balance  of  forces  after  the  effects  of  a  deep  inspiration  have 
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cli.«appoare<].  But,  if  expiration  be  violent  and  much  inipedeH,  the  positive 
pressure  may  rlj^o  mueli  above  tlic  normal.  Here  apii'm,  however,  regurjfita- 
liou  will  moot  with  opposiiiini  ['nmi  the  venous  valves,  though  the  flow  from 
the  i>oriphor\'  may  he  iiuirh  iiiijM"de<l. 

The  "Dangerous  Region,"  ajid  the  Entrance  of  Air  into  a  Wounded 
Vein. — Quite  rlosu  U»  tho  client,  then,  the  normal  veuous  pressure  i^  always 
slightly  uegutive;  ami  in  <ieep  inspiration  it  may  become  more  so,  ami  this 
condition  may  extend  iarther  from  the  chest  along  the  neck  and  axilla,  thmugh- 
out  a  region  known  to  ^urgeon.s  as  *' the  danj^ntus  region."  It  is  i[n[>ortant 
to  understand  (lie  reason  for  tiiis  expression.  It  lias  already  l)een  mentioned 
that  the  wounding  of  a  vein  in  this  region  may  cause  intermittent  bleeding. 
It  now  will  easily  be  undcrstfUMl  that  su<?h  bleoiling  will  ix'^nir  onlv  when  the 
pressure  is  |)0!*itive — that  is,  during  exptratiun.  During  det»|i  and  tlifficult 
breathingj  indeetl,  the  venoun  bhMxl  may  spring  in  a  jot  during  expiration 
instead  of  merely  flowing  out,  and  may  wholly  oeafie  to  flow  during  inspira- 
tion. The  ccKsatiou  is  due,  of  (tinist^  to  the  bT(MKl  being  mucked  into  the 
chest  past  the  wound  nitlu-r  than  presMnl  tint  nf  it. 

It  18  not,  however,  the  risks  of  liemorrhage  that  have  earned  the  name  of 
"dangerous"  for  the  regjou  wJiere  intermittent  hlocding  mav  occur.  The 
danger  referred  to  is  of  the  euti*aui.*e  of  air  into  the  wounded  vein  and  into  the 
heart, — an  accident  which  is  commonly  followetl  by  immeilinte  death,  for 
ms  not  Ihtc  to  Ix^  discussed.  V^ery  close  to  the  chest,  where  the  venous 
pressure  ia  amtiiuKUjsly  negutive  and  the  veins  are  so  bouml  to  the  fasciaa  that 
\X\ey  may  not  collajXH:',  this  danger  is  always  pn^eut.  Tiimughout  the  rest 
of  the  dangerous  region,  the  entrant'e  o'^  air  into  a  woundetl  vein  will  take 
place  only  exceptionally.  In  quiet  breathing  tlio  venous  pressure  is  continu- 
ously positive  throughout  most  of  this  regi(Mi ;  ami  then  a  wounded  vein  will 
merely  bleetL  It  is  only  in  deep  breathing  that  a  venous  pulse  becomes  vb- 
ible  here,  and  (hat  the  veofMis  pressure-  ix?comcs  negative  in  Inspiration.  But 
even  in  forrx^i  hroathing  it  is  rare  for  a  w<iundc*l  vein  of  the  dangerous  region 
to  do  more  than  bleed.  The  cause  of  this  lies  in  the  flaecidity  of  the  venous 
wall.  At  each  expiratif^n  tlie  blood  may  jet  from  the  wound  ;  but  a!  the  fol- 
lowing deep  inspiration  ihe  weight  of  the  atmosphere  flattens  the  vein  so 
promptly  that  tlie  blood  is  followetl  down  by  the  wounded  wall  and  no  air 
enters  at  the  o|M;ning,  It  is  only  when,  during  deep  breathing,  the  wounded 
wall  for  some  reason  cannot  eol]u|i8e,  that  the  main  part  of  the  ''daugeroua 
region"  justifies  its  name.  Should  the  tissues  through  which  the  vein  runs 
have  been  ^tif!eue<l  by  disease,  or  should  the  wall  of  the  vein  adhere  to  a 
tumor  which  a  surgeon  is  lifting  as  he  cuts  beneath  it,  in  either  case  the  vein 
will  have  become  practieally  a  rigid  tube.  Should  it  be  wounded  duriug  a 
Ideep  inspiration,  blooil  will  be  mucked  past  the  wound,  but  the  atmospheric 
ire  will  fail  to  make  the  wall  colla|>so;  air  will  be  dniwn  int*t  the  cut, 
blo<xl  and  air  will  enter  the  heart  tt>gether,  pmbably  with  deadly  effKl. 

Summary. — It  ap|>esirs  from  what  has  gone  befi>re  that  the  elasticity  of 
the  lungs  and  the  contractions  of  the  muscles  of  inspiration  regularly  assist  Id 
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unloading  the  veins  iu  the  iiumeiliate  ueighborhood  of  the  heArt,  and  so  remove 
some  part  of  the  ivsistsiiR-o  to  bt'  overcome  by  the  coutractions  of  the  cartliac 
luuscle.  When  we  I'ome  to  the  detailt-d  study  of  the  heart  it  will  appear  also 
that  a  slight  Ibree  of  Muetion  is  generated  i>y  the  heart  it^^elf,  wliieh  foroe  adds 
its  eflects  upon  tho  flow  of  venous  blood  to  those  of  the  elastieityof  the  lungs 
and  oC  X\\^  noiitnietion  of  the  mns<^!]c.s  of  inspiration. 

It  must  here  he  repeated^  Imwever,  thiU  tlie  heart  is  quite  comj)etent  to 
maintain  the  circulation  unaided*  Thin  is  proven  as  follows:  If  in  an  anaes- 
thetizeil  mammal  a  raunula  Ix'  plat-etl  in  the  wind])i|>e,  the  chest  l>e  widely 
o(>entid^  and  artiticial  respiration  be  etitahlishLHl,  the  ein-ukition,  though  motii- 
fied,  continues  to  be  effective.  By  the  o}>euing  of  the  chest  its  aspiration  has 
been  ended,  and  can  no  longer  assist  in  the  veuouij  return.  If,  further,  the 
animal  be  druggetl  iu  sut-Ji  a  muuuLT  as  conipluti'ly  to  paralyze  the  skeletal 
muscles  througliout  the  body,  their  contractions  can  exert  no  influeuce  upon 
the  venous  return;  yet  the  clrculutton  is  still  kept  up  by  the  heart,  unaided 
eitht-r  by  the  clasiieity  <»f  the  lungs,  by  the  eontractiou-s  of  the  muscles  which 
produce  inspiration,  or  by  those  of  any  other  skeletal  muscles. 

E.  The  Speed  of  the  Blood  in  ths  Arteries,  Capillaribs, 

AND  Veins. 

If  we  keep  as  our  text,  in  disinissing  the  eirenlation,  the  eharaeter  of  the 
capillary  flow,  it  will  be  seen  that  we  have  now  atrounteil  for  the  facts  that 
tl»e  etipillary  How  is  tosvartl  the  veins;  that  it  shows  nmeh  friction;  that  it  is 
oontiuuous,  pulseless,  and  under  low  pressure.  We  have  not  yet  accounted 
for  the  fact  dial  it  is  slow.  \Vc  must  now  do  so,  hut  must  first  state  and 
aeo)imt  for  tlie  spved  of  the  blond  in  the  arteries  and  veins. 

The  Measurement  of4;he  Blood-speed  in  Large  Vessels;  the  "Strom- 
uhr.'* — The  s[>fe<l  of  tiie  blcHxl  In  tlic  larij^er  veius  and  arteries  must  be  meas- 
ured iudiivctly.  We  can  picture  to  ourselves  the  volume  of  blood  which  moves 
past  a  given  |x)int  in  a  given  bIoo<l-vessel  iu  one  stxond,  ns  a  cylinder  of 
bloo<l  having  the  same  diameter  as  the  interior  of  the  blood-vessel.  The 
length  of  this  cylinder  will  then  be  expressed  by  the  same  numl>er  which  will 
expi'ess  the  velocity  with  wliicli  a  particle  of"  the  blood  would  pass  the  given 
jK)int  in  one  second,  provided  that  this  velocity  be  uniform  and  be  the  same 
for  111!  the  particles.  In  onlcr,  then,  to  leiu'n  the  aveni^e  s|M'pd  of  the  blood 
at  a  given  point  of  an  artery  or  vein  during  a  i-ertaiu  number  of  seconds,  we 
have  only  to  measure  the  calibre  of  the  blood-vessel  and  the  quantity  of 
blofwl  which  passes  the  selecttil  point  during  the  |»cri(Hi  of  observation. 
From  these  two  measurements  the  ^jieed  can  be  obtained  by  calculation.  But 
these  two  measurements  are  not  quite  easy.  The  physical  properties  of  the 
blotxl-vessels,  especially  of  the  veins,  make  their  calibres  variable  and  hard 
to  estimate  justly  as  ai!ec*tetl  i»y  the  conditions  present  during  an  experiment. 
The  means  adopter!  for  measuring  the  quantity  of  blood  passing  a  point  in  a 
given  time  necessiirily  altei*s  the  rt^sistant^  enwmutered  by  the  flow,  and  so  of 
itself  affects   both   tlie   rate  of  flow   and   the   blood -pressure ;  and,  with  the 
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tlon  of  LudwlK's  "SIromuhr"  Tbt  %.f. 
mwi  mirk  the  rllreoUon  of  ihc  blood- 
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icxl. 


latter,  the  calibre  of  the  vessel.  For  these  reasons  any  measurement  of 
the  average  .sf)eed  of  the  blood  by  the  above  method  is  only  approximately 
correct.  The  best  instrument  for  men-suring 
the  quantity  of  blwKl  driven  past  a  [Miiut 
during  an  experiment  is  the  s^>-calle<l  **8trom- 
uhr"  or  **  rheonieter "  of  Ludwig,  a  longitu- 
dinal sef*tiou  of  which  is  given  diagrammati- 
cally  in  Figure  17.*  This  is  essentially  a 
curved  tube  slm|M.Hl  like  the  Greek  capital 
letter  Q.  Karli  end  ot"  the  iy\\yp  is  ti{'<i  into 
(»ne  of.the  two  stumps  (a  and  b)  of  the  dividwl 
vessel.  These  ends  of  the  tube  are  as  nearly 
as  |)Os.sible  of  the  same  ciilibre  as  the  vessel 
scli*cted.  Kach  limb  of  the  tube  is  dilated 
into  a  bulb,  and  the  up]>er  part  of  the  tube, 
including  the  two  bulbs,  is  of  glass;  the  lower 
part  of  each  limb  is  of  metal.  At  the  top, 
between  the  bulbf^,  is  an  opening  for  filling 
the  tubes,  which  can  easily  l>e  close<l  when  not 
in  use.  Each  end  of  tiie  tube  is  filled  with 
dcfibrinate<l  bkHni  l>efore  Ijcing  tied  into  the 
bloixUvH^sel.  In  the  limb  of  the  tube  (B^ 
(Fig.  17)  wliieli  is  the  farth*'r  from  tltc  licart  if  an  artery  l>e  used,  or  the 
nearer  to  the  heart  if  a  vein,  the  cletibriiiat<-'<l  biomi  is  made  to  fill  the  cavity 
up  to  the  top  of  tlic  bulb.  In  the  other  limb  (yl,  Fig.  17)  the  blood  fills  the 
tnln*  only  up  to  a  mark  (r,  Vig.  17)  near  the  Ixittom  of  the  bulb.  Through 
the  opening  lx*twcen  the  bnlbs  the  ^till  vacant  sjwire,  which  include*  the  whole 
of  the  bulb  .1,  is  fillp<l  with  oil,  all  air  l)eing  excluded.  The  ojX'niug  is  then 
closetl.  If  now  tfie  clatnps  be  reinoveil  from  the  bhMid-ves.sel,the  blood  of  the 
animal  will  enter  the  lube  at  <7  and  drive  iK'fore  it  tlie  contents  of  the  tube. 
Thus  defibrinated  bloixl  from  B  will  be  driven  into  the  distal  stumj*  of  the 
vessel  at  6,  and  will  enter  the  circulalion  of  the  animal.  Oil  will  at  the  same 
time  be  driven  over  from  .1  to  B.  The  bnlb  ^1  ha>  upon  it  two  marks,  (/  and 
*,  one  near  the  top  of  it,  the  other  near  the  bottom.  The  iut^tant  when  the 
line  between  the  oil  and  the  advancing  blood  reaches  the  mark  near  the  top 
<»f  A  is  the  instant  when  a  volimie  of  blood  erpial  to  that  of  the  displai-eil  oil 
lias  entered  -•!,  past  the  mark  near  the  bottom  of  it.  The  capacity  of  the  tube 
between  the  two  marks  is  accurately  known.  The  time  required  for  this 
s)Hice  to  he  filletl  with  the  entering  blood  is  measured  by  the  observer.  The 
calibre  of  the  metal  lube  at  a  is  accurately  known,  and  is  assumed  to  l}e  equal 
to  the  calibre  of  the  blood- ves*?ol.  From  these  measuremeutfi  the  average 
s{>eed  of  the  blood-stream  at  a  is  calculate<l. 

'  J-  IVtgicl  :  "Die  AusroeHung  tier  Btromenden  Bliitrolumiu&,"  Brriehtr  Uftrr  dir  I'erhami- 
iungn  drr  k.  fdfAMcAm  QatUtekafi  der  WmcMdioftet^  tu.  Leip»tg,  MadL-phywueSc  Oame^  1807, 
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tiiidea  both  limbs  of 


The  metallic  lower  pnrt  ui'  tl 
the  tube,  is  completely  divide 

however,  as  to  be  nniintiiinecl  id  water-tight  appositiou.  I'hls  arrangement 
permits  the  whole  upj>er  jKirt  of  the  intitrument,  including  the  glass  bulbs,  to 
be  rotated  suddenly  upon  the  lower,  so  that  the  bulb  B  may  corre.spoud  with 
the  entniace  for  the  blood  at  a,  and  the  bull>  -I  witli  the  exit  for  the  blood  at 
i.  If  this  rotation  be  effeote<l  at  tlip  instant  when  the  space  between  the  two 
marks  on  A  ha.H  Iwen  lilknl  with  bltHid,  the  buHi  B,  now  charged  with  oil, 
will  be  filled  by  the  blood  which  entere  next^  and  the  first  charge  of  the  ani- 
mal's own  blood  will  make  its  exit  at  6.  Oil  will  now  pass  over  from  B  to 
A  ;  wiien  the  line  betwc^'u  it  and  the  bUnxl  which  is  leaving  ^l  has  just 
reached  the  lower  murk  un  ^4,  the  bulbs  are  turned  back  to  their  original 
petition.  Thus*  by  repeatcfi  rotations,  each  of  wliich  can  be  made  to  recoi*d 
npaii  the  kvioograjiJi  ilie  instant  of  its  ooc^urrence,  a  nunil^er  of  charges  of 
blood  can  be  received  and  transmitted  in  succession ;  it  is  always  the  same 
spa(."e,  between  the  marks  on  .1,  which  is  use<l  for  measnrine:  the  char;^' ;  and 
the  time  of  the  exj.>eri[uent  can  1^  much  prolonged.  By  this  procetlni*e  the 
errors  due  to  a  single  brief  observation  can  be  greatly  rcfluced.  Indeed^  the 
time  of  entrance  of  a  single  charge  of  blood  would  lui  quite  too  short  to  give 
a  satisfactory  result. 

The  use  of  the  stromuhr  not  only  affords  necessary  data  for  the  calcu- 
lation of  the  average  speed  of  the  blood,  but  seeks  directly  to  measure  the 
volume  of  blmnl  delivered  in  a  giveu  time  by  an  artery  to  its  capillary  dis- 
trict. It  is  evident  that  this  volume  is  a  quantity  of  fundamental  imiKirtanoe 
]Q  the  physiology  of  the  circulation.  Could  we  ascertain  it,  by  direct  meas- 
urement or  bv  fsdcnlatiiin,  for  the  aorta  or  puhnoniu-y  artery,  we  should  know 
at  once  the  volume  of  blood  delivertil  to  the  capillaries  in  one  second,  aud 
thus  the  time  taken  for  the  entire  blood  to  enter  either  those  of  the  lungs  or 
of  the  system  at  large.  By  this  knowledge,  many  important  problems  would 
be  advancetl  towanl  solution. 

The  Measurement  of  Rapid  Fluctuations  of  Speed. — The  stromuhr 
can  give  only  the  average  speed  of  the  blood  during  the  ex]>eriment.  To 
study  rapid  fluctuations  of  s(jecd,  another  metlitxl  is  needed.  If,  in  a  large 
auimah  u  vessel,  liesl  un  artery,  be  laid  hure,  a  needle  may  be  thrust  into  it  at 
right  angles.  If  the  nee<]le  be  left  to  itself,  the  end  which  projects  from  the 
artery  will  Ije  dcfleetetl  to\var<l  the  heart,  l)ecause  the  point  will  have  been 
deflected  toward  the  capillaries  by  the  bhwul-stream.  The  angle  of  deflection 
might  be  read  off,  could  a  grsidiiated  semicircle  be  adjusted  to  the  neeille.  If 
the  stream  be  arrestetl,  the  needle  returns  to  its  position  at  right  angles  to  the 
artery.  The  greater  the  velocity  of  tlie  stream,  the  greater  is  the  deflection  of 
the  newlle.  If,  later,  the  same  needle  be  (hrust  iuto  a  tube  of  rubber  through 
which  water  flows  at  known  rates  of  speed,  the  speed  corresponding  to  each 
angle  of  deflection  o^  the  nee<ile  may  l)e  determined.  If  the  ncetlle  were 
made  to  mark  upon  a  kymograph,  variations  of  the  speed  would  l)e  reconletl 
as  a  curve. 


CIRCULATION. 
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An  instrumont  based  on  the  principles  juat  descrilMxl  is*  valuable  for  the 
study  of  rapid  clmnj<e.s  of  velocity.'  In  an  artery,  its  needle  oscillates  rhylli- 
miuilly,  flhowing  timt  lliere  the  5]>eed  of  the  bItXKl  varies  during  meh  l>cjit  of 
tlie  heart,  being  greatly  accelerale<l  Viy  the  systole  of  the  ventricle,  and  retartled 
by  the  cessation  of  the  systole.  It  will  be  remembered  that  tlie  niicroecope 
directly  show*  faint  rhythmic  accelerations  in  the  minute  arteries  of  the  frog. 
In  the  veins  rhythmic  changes  of  speed  do  not  occur  exwpt  near  the  heart 
from   respiratory  causes. 

The  Speed  of  the  Blood  in  the  Arteries.— Tlic  stronuihr  shows  that  the 
speed  of  the  blood  is  liable  t<j  gi*cat  variations.  Tliis  fact,  and  the  range  of 
speed  in  the  arteries,  are  fairly  exhibited  by  the  nsults  obtained  by  Dogiel 
from  the  ooninum  carotid  artery  of  a  dog,  the  experiment  ujK>n  which  lasted 
127  seconds.  During;  this  time  six  observations  were  made  whi<'h  vnrie«i  in 
length  from  14  to  ;iO  secf>nds  each.  For  one  of  these  perimls  the  avenige 
8^)eed  was  243  raillimeters  in  one  Bec*uud  ;  for  another  ]>eriod,  620  millimeters. 
These  were  the  extremes  of  s|)ee<l  nntnd  in  this  case.*  The  speed  In  the 
arteries  diminishes  toward   the  ciipil lanes. 

The  Speed  of  the  Blood  m  the  Veins. — The  speed  in  a  vein  tends  to  be 
slower  than  that  in  tin  artcrj^  of  about  the  same  importance,  but  is  not  necea- 
aarily  so.''     It  increases  from  the  csijHllaries  toward  the  heart. 

The  Speed  of  the  Blood  in  the  Gapillariee. — The  rate  of  the  capillary 
flow  may  Ixr  measure<l  directly  under  the  microscope.  Certain  physiologists 
have  also  observe<l  the  movement  of  the  bUxMl  in  the  retinal  capillaries  of 
their  own  eyes,  and  have  measuretl  it*^  rate  there.*  Both  methods  show  that 
in  the  capillaries  the  speed  is  very  ranch  less  than  in  the  large  arteries  or  large 
veins.  In  the  ca|>illaries  of  the  web  of  the  fn)g'3  foot  it  is  only  a1)out  0.5 
millimcrer  in  one  stnioruL  In  those  of  the  mesentery  of  a  young  dog  it  has 
been  found  to  be  0.8  millimeter;  in  those  of  the  human  retina,  from  0.6  to 
0.9  millimeter. 

Speed  cmd  Pressure  of  the  Blood  Compared. — If  now  we  compare  the 
speed  with  the  pressure  of  the  bU»od  in  the  arteries,  in  the  capillaries,  and  in 
the  veins,  we  shall  l)e  struck  by  lx>th  similarities  and  differences.  In  the 
arteries  both  pressure  and  s[>eed  rhythmically  rise  and  fall  together;  and  boiii 
the  mean  prt'ssure  and  the  mean  speed  decline  from  the  heart  to  the  capillaries. 
In  the  capillaries  Ixith  pressure  and  speed  are  pulselens  and  low, — very  low 
compared  with  the  great  arteries.  In  the  veins,  however,  the  pressure  is 
everywhere  lower  than  in  the  capillaries  and  falls  from  the  aipillaries  to  the 
heart;  the  speed  is  everywhere  higher  th:in  in  the  capillaries  and  rises  from 

'  M.  L.  Ixjrtct :  RffKrtfKf*  mr  la  vUfau  du  «mra  du  mmff  dam  lea  artirea  du  eherol  au  moym 
■fun  nouvd  khnudTomographe^  Pnris,  1867. 

•  J.  Dogiel :  foe  exL 

*  £.  Cyon  und  F.  Steinmann :  "  Die  OflBchwindigkeit  da  Bliitstroms  in  den  Venen,"  BttUeiin 
dt  fAendimie  fmpiriaJe  des  Scimft9  de  St.  PHenhourg,  1871 ;  oko  in  E.  Cyon :  OcmmmftU  pAy«io- 
ioyiM-ht  Arhnten,  1888.  8. 110. 

'  K.  Vierordt :  DU  ^nehcinungm  und  OtHta*  dtr  Strvm^etchwindigktiien  dta  BluUs,  etix,  1662, 
J141.111. 


102 


AI^  AMERICAN  TEXT-BOOK  OF  PHYSIOLOGY. 


the  capillaries  to  the  heart.  It  is  apjmrent,  therefore,  that  there  is  no  direct 
conuectiou  hetwet^u  the  pruasiin:  aiul  the  sjicetl  of  the  hXooA  at  a  given  point, 
inasmuch  as  they  change  together  alt»ng  tlie  arteries  auJ  change  inversely 
along  the  veiny.  How  varietl  the  combination-*  may  be  of  pressure  and  fji>eed 
will  be  seen  in  studying  the  rognlation  of  Uie  circulation. 

In  the  great  vein.s,  a-s  in  the  arteries,  llie  sjw^ed  is  very  high  cunijwin'd  with 
the  ciipi liar  10-5.  In  the  CHpillaries  the  sipeed  uf  the  blocnl  Ls  least,  while  in 
the  tubes  Avhich  supply  and  which  drain  them  the  speed  is  great.  Tlie  physi- 
ologinil  value  of  these  iiicts  fs  clear.  It  has  alivudy  been  pointed  out  that  the 
blood  moves  slowly  through  the  phort  ami  narrow  tubes,  where  its  exchanges 
with  tissue  and  with  air  are  effected,  and  swiftly  through  the  long  tubes  of 
ct^minuniciition.  ^Yhaf  iirc  the  physical  conditions  M'Jiich  underlie  these 
physiological  facts? 

The  speed  of  the  blood  varies  inversely  as  the  collective  sectional 
area  of  its  path.  If  the  eireidatiou  in  an  animal  continue  uniform  for  a  time 
— during  several  breaths  and  heart-beats — it  is  evident  that  the  fonvs  con- 
cerned must  be  so  balanced  that»  during  that  time,  equal  quantities  of  blood 
will  have  enteral  and  left  the  heart,  the  arteries,  the  capillaries,  and  the  veins, 
respef^tively.  If  the  arteries,  for  instance,  lose  moi*e  IjUmkI  than  the  lieart 
transmits  tu  them,  this  blootl  must  accunmlate  in  the  veins  till  the  arteries 
become  drained  and  the  supply  to  the  capillaries  fails.  The  very  maintenance 
of  a  circulation,  then,  implies  that  equal  quantities  of  blood  must  pass  any 
two  points  of  the  collective  blood-path  in  equal  times,  except  when  a  general 
readjustment  of  the  rate  of  flow  may  lead  to  a  temjwrary  disturljanoe  of  it. 
It  will  be  seen  nt  once  that  this  principle  is  consistent  with  the  widest  ditfer- 
ences  of  rate  between  individual  arteries  of  the  same  impurtaiice,  or  between 
individual  veins  or  capillaries.  If  in  one  artery  the  flow  be  incn^ascd  by  oncs 
half,  and  in  another  be  diminished  by  one-half^  the  total  flow  iu  the  two 
arteries  collectively   will   be  the  same  as   l>efore. 

If  the  pri[iciplc  jtist  stated  be  considered  in  connection  with  the  auatomy 
of  the  blowl-jjath,  the  differences  of  sj>eed  in  the  arterial,  capillary,  and  venous 
systems  will  at  once  be  nnderstoml.  The  wider  m*terie8  and  veins  are  {ow. 
Dissection  shows  that  when  an  artery  or  vein  divides,  the  calibre,  and,  with 
the  calibre,  the  "sectional  area"  of  the  branches  taken  together,  is  I'ommonly 
larger  than  that  of  the  parent  trunk.  In  general  it  is  a  law  of  the  arterial 
and  venous  anatomy  that  the  collective  sectiomd  area  of  the  vessels  of  either 
system  increases  from  the  heart  to  the  capillaries.  The  smaller  the  individual 
vessels  are,  the  wider  is  the  blood-path  which  they  make  up  cf>llectively. 
Witlest  of  all  is  the  blood-path  where  the  imlividual  vessels  are  smallest — that 
18,  in  the  capillary  system.  The  collective  sectional  area  of  the  capillarity  is 
several  hun<lreil  times  tiiat  of  the  root  of  the  aorta.  The  collective  sectional 
area  of  the  veins  which  enter  the  right  auricle  is  greater,  perliajw  twice  as 
great,  as  that  of  the  root  of  the  aorta.  The  venous  system,  regarded  as  a 
single  tube,  is  of  much  greater  calibre  than  the  arterial.  It  is  perhaps  better 
to  make  these  general  statements  than  to  compare  the  differeut  figures  given 
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by  different  observers.  The  arteriul  aud  venous  systems,  treated  as  carli  a 
single  tube,  may  be  eonipared  rougfily  U\  two  tunnels,  eaeli  Imviug  its  nar- 
row end  at  the  heart.  The  very  wide  and  very  short  single  tube  of  the  cjipiU 
lury  sVvStem  may  he  irnagiticd  to  connoct  the  wide  ends  of  the  two  fuiinelB. 
Ei]ual  quantities  of  IjIchmJ  pass  iu  equal  times  any  two  pointjj  of  the  eolletr- 
tive  blood-path  between  the  left  ventricle  and  the  right  anriele.  Therefore 
where  the  blixxJ-path  ts  wide,  tliene  quantities  must  move  ?^lowly,  and  Hwifily 
where  the  hltMKl-path  is  narrow.  It  is  uwiuir^  then,  to  the  rapid  wiih'iiin^  of 
the  arterial  patii  that  the  si>ee<l  declines,  like  the  pre^isure,  towaixi  the  capilla- 
ries. It  is  owing  to  the  huge  relative  calibre  of  the  path  at  tlie  capillaries 
that  in  them  the  speed  is  by  far  the  least  while  the  s«nie  volume  is  passing 
that  passes  a  jwint  in  the  narrow  aorta  in  the  same  time  ;  it  is  owing  to  the 
steady  narrowing  of  the  venous  path  toward  the  heart  that  the  venous  blooil 
IS  constiintly  quickening  its  spee*i  while  its  pressure  U  falling.  As  the  cadibre 
of  the  venous  system  is  greuler  than  that  of  the  arterial,  tlie  average  sjK'ed  in 
the  veins  is  probably  less  than  in  the  arteries.  As  the  collective  calibre  of 
the  veins  which  enter  tfie  rijrht  auricle  is  greater  than  tfiat  of  the  !i(*rta,  the 
blood  probably  moves  into  tfie  heart  less  swit\ly  tlinn  out  of  it;  thmigfj  of 
connw  equal  qnantttieti  enter  and  leave  it  in  equal  times  provided  those  times 
are  not  mere  fractions  of  a  beat.  In  connection  with  this  it  is  significant 
that  the  entrance  of  blo<»d  into  the  ht'aj^t  takes  place  (hiring  the  long  auric- 
ular diastole,  while  its  exit  is  limited  to  the  shorttT  ventricular  systole. 

Time  Spent  by  the  Blood  in  a  Systemic  Capillary. — The  width  of  the 
path,  then,  determines  the  slow  movement  of  the  bUnxl  in  the  area-s  where  it  is 
fiiltilling  it>i  functions;  the  narrowness  of  the  jiatJi,  the  swiftness  of  move- 
njeni  of  the  blood  in  leaving  and  returning  to  the  heart.  We  have  seen  (p. 
70)  that  a  particle  of  bl<x»d  may  make  the  entire  round  of  a  dog's  circidation 
in  from  fiAeen  to  eighteen  seconds.  If  we  assume  the  systemic  capillary  flow 
to  he  at  the  rate  of  0.8  millimeter  in  one  secxind,  the  bUxxl  would  remain  about 
0.6  of  n  seojnd  in  a  systemic  capillary  half  a  millimeter  long.  iSlow  as  is  the 
Gtpillary  flow,  it  thus  appears  that  it  is  none  too  slow  to  give  time  f<tr  tiie  uso« 
of  the  blood  to  be  fulfilled. 

P.  The  Flow  op  Blood  through  the  Lungs. 
The  blood  moves  from  the  right  ventricle  to  the  lef^  auricle  under  the 
aune  general  laws  as  from  the  left  ventricle  to  the  n'trht  auricle,  Certain  dif- 
ferences, however,  are  ap|Miivnt,  ami  must  Ix-  note^I.  <  )ne  differenw  is  that 
the  collective  frictiot»  is  less  in  the  pulmonary  than  in  the  systemic  vessels, 
and  that  therefore  the  resistance  to  be  overcome  by  each  contraction  of  the 
right  ventricle  is  less  than  tliat  opposed  to  the  left  ventricle.  Accordingly  it 
np|)ear3  from  <lissection  that  the  muscular  wall  of  the  right  ventricle  is  much 
thinner  than  that  of  the  lell.  No  accurate  measuruments  can  be  made  of  tlie 
normal  pressure  and  speed  of  the  bIoo<l  in  the  arteries,  capillarif^s,  and  veins 
of  the  lungs,  be<'ause  they  can  be  reached  only  by  opening  the  rhe^t  and 
destroying  the  mechanisni  of  respiration,  ami  thereby  disturbing  the  normal 
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fwnditions  of  the  pulmonary  blocKl-stream.  In  the  opened  chest  these  cannot 
be  entirely  restored  by  artificial  respiration.  The  thinnei-s  of  the  wall  of  the 
pulmonary  artery,  ]ii>wrv('r,  indiratrs  tlint  it  has  ninch  h'ss  pressurr  to  i^npport 
than  that  <»f  the  aorta,  wiiich  fact  also  is  iudicated  by  such  roughly  appmxi- 
niate  results  as  have  been  obtained  with  the  manometer  after  opening  the 
che^t. 

As  the  pulniiijjury  iii-tcry  and  veins  lie  wliolly  within  the  chest,  but  outside 
the  lungs,  thctr  trunks  and  larger  btxinches  all  ttmd  to  be  dilated  continuously 
by  the  elastic  pull  of  the  lungjs — a  pull  which  incrt^ases  at  each  inspinition. 
On  the  othi^r  Imml^  thf  pulmonary  (^i|»ilhiries  lie  so  eh>sc  to  the  siirlace  of  each 
lun^  that  thev  are  expiisod  to  the  asamc  pressure^  pra<:tically,  as  that  surface^ 
and  the  full  weight  of  the  atraospliere  may  act  upon  them.  These  conditions 
all  tend  to  nnhtad  the  cnfMlliirifH  anil  tlic  puhnonary  veins,  but  to  weaken  the 
uuliKuliug  of  tiic  pdlriKMiary  aitcry.  The  two  cllectti  cau  hanlly  balance  one 
another,  however.  The  wall  of  the  pulmonary  artery  is  so  much  stiffer  than 
that  of  ihe  vein,  that  the  uctuid  results  should  be  favonibie  to  the  flow.  The 
ckisticity  of  the  lungs  and  the  cotitraciions  of  the  muscles  of  iuspiratioti  thus 
ligliteu,  probably,  the  work  of  the  right  ventricle  as  well  as  of  the  left.  The 
right  ventricle,  however,  like  the  left,  cjui  ac(^>mplish  it.i  work  without  assist- 
ance ;  for  the  entire  circulation,  itichiding,  of  course,  tlie  flow  through  the 
luDgs,  continues  after  the  chest  has  been  opened,  if  artificial  respiration  be 
maintained. 


G.  The  Pni^B-voLtJMB  and  the  Work  done  by  the  Ventehcles 

OF  THE  Heart. 

Th©  Cardiac  Cycle. — It  in  assumed  that  tlie  anatomy  of  the  heart  is  known 
to  tlie  reader. 

The  general  nature  and  effects  of  the  heart's  beat  have  been  sketched 
alrriidy.  Each  Iwat  ha-s  been  rpcu  to  ocnnprisc  a  number  of  phenomena,  which 
occur  in  regular  order,  and  which  recur  in  the  same  onler  during  each  of  the 
succeetling  beats.  Each  beat  is  therefore  a  cycle;  and  the  phrase  "cardiac 
cycle"  has  iMx^mtc  a  tcchnmil  expression  for  "  l)eat,"  aa  it  conveys,  in  a  word, 
the  idea  of  a  regular  <u*der  of  events.  As  each  <if  the  four  clianil)ers  of  the 
heart  has  its  own  systole  and  diastole,  there  are  eight  eveute  to  l)e  studiwl  ia 
connection  with  each  cycle.  The  systoles  of  the  two  auricles,  liowever,  are 
exactly  simultaneous,  as  an;  their  diastoles;  and  the  siime  is  true  of  the  sys- 
toles and  of  the  diastoles  of  the  two  ventricles.  AV^e  nmy,  therefore,  without 
confusion,  sjx^ak  of  the  auricular  systole  and  diast^tle,  and  of  the  ventrio 
ular  systole  and  diastole,  as  of  four  events,  each  involving  the  narrowing  or 
widening  of  two  chandwrs,  a  right  and  a  IciL  The  heart  of  the  mammal 
or  bird  consists  essentially  of  a  pair  of  pumps,  the  ventricles,  each  of  which 
acts  alternately  as  a  powerful  foivt'-]>unip  and  as  a  very  feeble  suctinn- 
pumjK  To  ench  ventricle  is  superadded  a  contractile  appendage,  the  auricle, 
through  whichj  and  to  some  extent  by  the  agency  of  which,  blood  enters  the 
vcHtricle. 
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The  Pulse-volume. — The  central  fact  of  the  circulation  of  the  blourl  is  the 
injection,  at  intervals,  by  each  ventricle,  against  a  strong  resistance,  of  a  chan2;e 
of  blood  into  its  artery,  which  chaise  the  ventricle  has  just  received  out  of  its 
veins  through  its  auricie.  This  quantity  nnist  be  exactly  the  same  for  the 
two  ventricles  under  normal  conditions,  or  the  circulation  would  s(M)n  come  to 
an  end  by  the  accumulation  of  the  bloo<l  in  either  tiie  pulmonary  or  the  sys- 
temic vessels.  The  bkHwJ  ejecte<i  from  each  ventricle  during  the  systole 
must  also  be  eqnal  in  volume  to  the  blotid  which  cutei's  each  set  of  capillaries, 
iJie  pulmonary  or  systemic,  during  that  systole  and  the  succeeding;  diastole  of 
the  ventricles,  provided  the  oirculation  be  i)n>cee<ling  uniformly,  TJte<]uantitv 
just  referred  to  is  calh-d  the  "  fi»iitrjiciion  volume"  or  *^  pulse-volume  '^  of  the 
heart.  Were  it  always  the  same,  and  could  we  measure  it,  we  should  ]>os.sc$s 
the  key  to  the  quantitative  study  of  the  circulation. 

The  pulse-viilume  may  vary  in  rhe  ^ame  heart  at  different  times,  as  is  easily 
shown  by  ojMjniujj  the  chest,  causing  the  conditions  of  the  circulation  to  change, 
ami  noting  that  under  certain  conditions  the  heart  during  each  beat  varies 
in  size  more  than  before.  This  variation  of  volume  is  easily  possible  because 
the  walls  of  the  heart  are  of  must^lc,  soft  and  distensible  when  relaxed.  It  18 
probable  that  at  no  syst/de  is  the  ventricle  quite  emptied  ;  that  most  of  its 
cavity  may  become  obliterated  by  the  coming  together  of  its  walls,  but  that  a 
6p0(^  remains,  just  below  the  valves  auti  above  the  pupillary  muscles,  which  iH 
not  cleared  of  blaxl.  It  is  also  probable  that  not  only  the  blood  which  is 
ejectetl  at  the  systole  may  vary  in  amount,  but  also  the  residual  blood  which 
remains  in  the  ventricle  at  the  en<l  of  the  systole.*  It  is  therefore  clear  that 
it  is  useless  to  attempt  the  measurement  of  the  pulse-volume  by  measuring 
the  fluid  nee<le<l  to  fill  the  ventricle,  even  if  the  heail  l>e  freshly  cxcisetl  fmm 
die  living  body  and  injected  under  tlie  normal  blood-pressure.  Rough  approx- 
imations to  this  measurement  may,  however,  be  attempted  in  at  least  two 
ways : 

In  the  first  place,  a  modification  of  the  stronudir  has  been  applied  suc- 
cef'sfully  to  the  a<irta  of  the  rabbit,  between  the  origins  of  the  coronar\' arteries 
and  i»f  the  innominate.  This  operation  requires  that  the  auricles  be  clamped 
temjK>ninlv  so  as  to  stop  thp  Unw  fjf  blcxni  into  the  ventricles,  and  to  j>ermit 
the  aorta  in  its  turn  to  lx'eliimf>wi  and  dtvide<l  between  the  clamp  and  the 
ventricle,  without  serious  bleeding.  After  the  circulation  has  been  rc-estab- 
li«he<l»  the  volume  of  the  bloo<l  which  jwtsses  through  the  instrument  during 
the  exjM^rimentj  divided  hy  the  numljer  of  the  heart-beats  during  the  same 
period,  gives  the  pulse-volume.     The  average  result  obtained,  for  the  rabbit, 

'  F.  H«we:  "Boitmge  sur  Mwhnnik  der  Ifenbewef^ng."  Archir  fur  AntUomie  und  Phyeiolo- 
ffw  funntomiiicliv  Ahtlieiluiig),  1880,  .S.  3*2S.  C.  Sandborg  und  \V.  Miiller  :  "Htudien  ulier^ 
MechanUiniiH  den  IIprxonH,"  PAiiget'B  Arekiv fiir  die gemanmU  Pkynitlfiffie,  lH80,xxii.  &  408.  CS. 
Rot  And  J.  O.  .Vdaiiii :  "  (Vmlriltiitioiis  to  the  PhyMolot^y  and  TatbologT  of  the  Mntnnialian 
Henrt.'*  Profrniintf*  of  thr  Tioynl  Smrirty  of  Londtm,  1891-92,  i.  \k  4X5.  J.  E.  .TohuiMon  und  U. 
Tigentedt :  "  Ueber  die  gefEenseitigen  Beziphimgen  des  HenEeni  und  der  Oe(i»e ;"  **  Ueber  di« 
Hen(lhilifrfc«it  b«i  Terscliieden  groabem  Wiedemtaud  in  den  GefasKn,"  SkandinarisekeM  Arekit 
/&r  Phymotofie^  1891,  U.  S.  409. 
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m  u  v<4o»e  of  blood  the  weight  of  which  ia  O.OfX)27  of  the  weight  of  tbe^ 


A  •eooml 


of 


the  pulse- volume 


he 


attempting  to  ajf»ceriain  tnc  pnise-voiume  is  to  measu 
•«ellingsodthe»hnnkug(Mjfilie heart.  Thisi.-«cal)e<l  the'* plethysmographies" 
mcibod.  One  applicatloD  of  it  is  as  follows :  The  cliest  and  perimniium  of  an 
wucmd  are  opened,  and  the  heart  is  insc^rted  into  a  brass  case  full  of  oil.  The 
4>pcolog  thr^>ugh  which  the  great  vessels  pa»6  is  made  water-tight  by  mechanical 
mtnnn  which  do  not  impede  the  movement  of  the  bloo<l  into  and  out  of  the 
iMftit*  The  top  of  the  braas  case  is  pn^hmged  into  a  tul>e,  the  oil  in  which 
riiM  an  the  heart  Awell>4  and  falls  as  it  shrinks.  Upon  the  oil  a  light  pi^^ton 
movea  up  and  down,  »nd  reoonls  its  movements  upon  the  kymograph.  The 
iuHtniment  in  {;;ilted  a  "cardionieter."' 

The  uvorajff!  piiJf*e-vohinie  of  ihe  humiiu  ventricle  liiis  l_ieen  very  variously 
evtimflted  ii|kiii  iIm'  Utsis  r>f  ob^Tvations  of  viirlons  kinds  made  nj>on  mam- 
maU  of  ViirioUH  Mpe*:ie«,  The  ftguri'.s  (tfTerLNl  nitige,  in  roimd  numbers,  from 
ftO  io  IJW)  trubu*  rriilirtn4*'rK.  It^  we  ahsunie  the  liunum  piilrie-volume  to 
w*'ij^h  MM)  jrraiijM^  and  ific  blood  uf  a  ini.m  who  weighs  GO  kilograms  to  weigh 
B..*J08  kilograms,  or  j'^  of  Jus  Iwxly-weight,  the  piilse-vohime  will  be  about  ^ 
of  the  eiilire  blintd,  and  llie  entire  blocMl  will  piLss  tlii-ough  the  heart,  from 
tlie  veins  to  ijic  arteries,  in  uidy  Hity-three  beats — that  is,  in  less  than  one 
minute.  The  sjiewl  with  which  a  man  may  bleed  to  death  if  a  great  artery 
b*'  w-vrrrd   is  tluTefnre  nut  sm'prising. 

The  Work  done  by  the  Oontractinfir  Ventriolee. — lTneei*taiu  as  is  this 
inipnrtantqnunlity  of  the  pulse-volanie,  tlie  estimntion  of  the  work  done  by  the 
heart  in  maintaining  the  circulation  must  l>e  based  upon  it^  and  upon  the  tbroe 
with  which  oai'h  ventricle  ejects  the  pulse-vohime.  A  small  fraction  of  this 
fonr  is  exiMMided  in  imiKirtinjir  a  certain  vuliM-ity  tu  the  ejected  bloml ;  all  (he 
ri««t  wrves  u>  overcome  n  number  of  opposing  forces.  The  force  exerte<l  by 
the  muscular  contniction  is  opposed  by  llie  weii^bt  of  the  volume  ejoetwl,  and 
by  lit**  (HlroTJg  arterial  pj**'^^ure,  whirh  ivsists  the  o|H'ning  of  the  semihinar 
vulvi'  fintl  the  eje<'tion  oJ'  the  pulse-volume.  Moreover,  the  elasticity  of  the 
Inn^t"  leiidf  at  i\\\  Uuwf*  In  ^itlatr  the  vrntrirU's,  with  a  force  which  is  increased 
At  I'Uiili  reeurrin^j  ttmlnu'tiim  ol'  the  niiisf-lcs  of  inspiration.  Probably  thert'  is 
hUo  bi  the  widl  i*f  the  vi'iitricle  itsidf  a  slight  elasticity  which  must  be  over- 
wnno  by  ihe  ventrielcV  own  contnietion  in  onlcrthat  its  cavity  may  be  eflacetl. 
Tin*  "trtmir  arlrrial  pressurt*.  with  whieh  (he  ivader  is  already  familiar,  is  by 
Iwr  the  Krente«t  of  thiv***  Jt^sisting  tore<*s — in  fact,  is  the  imly  one  of  them 
wkluli  U  imt  of  Hmnll  im|mrtance  in  tlie  present  connection. 

i\h»  We  obli^:i*<l  to  mt«itHurt<  the  foixv  of  the  systole  indiret»tly  ?  Can  we  not 
MWI*iMbi  ll  by  dirtM't  ex|>eriment?  Manometers  of  various  kinds  have  been 
|iWhhI  h\  i\\vi*i^i  C!kminunicnti*>n  with  the  cavities  of  the  ventricles.     The  fol- 

^  Hi  TlfynlMitt  "HMmllm  (lUr  itt«i  Rlulvrrtheiliing  im  Korf^^^r."  Erste  Ablmndlun^. 
**  ^'  t       M.n  tlnm   tliikrn    ttrrmi   lirrni)iittvtrtv-b*n«n    Blulnwnge,"  Staminmri$cket 

ISUl,  iii  ri.  l4iV 
i!  r«MM  4  amN^m^,  MtliirvfHUMU.  *  C  &  Ror  mkI  J.  O.  AcUmi,  opi  eiL 
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lowiug  method^  aiiioug  othew,  has  beeu  employed:  A  lube  open  at  both  ends 
is*  iutn>du(*e<i  throuf^h  the  external  jugular  vein  of  an  animal  into  the  right 
ventricle,  or,  witli  gn.»atLT  dirtirulty,  tiirtjugh  tlie  carotid  artery  iuto  the  left 
ventricle.  In  neither  t-ajse  i^  ll»e  vulve,  whether  tricuspid  or  aortic,  rendered 
iuconipetent  during  this  proceeding,  nor  nee<l  the  general  mechanism  of  the 
heart  and  vesttels  be  gravely  disiurlied.  If  the  outer  end  of  the  tube  be 
connected  with  a  rectirding  mercurial  manometer,  a  tracing  of  the  pressure 
within  the  right  or  left  ventricle  may  be  written  upon  the  kymograph.  It 
is  found,  however,  that  the  pressure  within  the  heart  varies  so  much  and  so 
rapidly  that  the  inert  meixninal  column  will  not  follow  the  fluctuations,  and 
that  the  attempt  to  learn  the  mean  pii*ssui*e  by  tliis  mellnKl  fails.  A  valve, 
however,  may  be  intercalated  in  the  tube  between  the  ventricle  and  the  man- 
ometer— a  valve  s<:»  made  ms  to  a^ltnll  iliiid  fre«^Iy  to  the  manometer,  hut  to  let 
uouo  out.  The  manometer  will  thcu  record,  and  ixxH»i'd  not  too  incorrectly,  the 
Diaximum  pretwure  within  the  right  or  left  veatricle  during  the  experiment ;  in 
odier  words,  it  will  recort!  the  grcjitest  fonx?  excrteil  during  that  time  by  the  ven- 
tricle in  order  to  do  its  work.*  In  this  way  the  maximum  pressure  witliin 
the  left  ventricle  o£  the  dog  has  beeu  found  to  present  such  values  as  176  an<l 
234  millimeters  of  mercury,  the  oorrcspoutiing  maximum  [iressure  in  the  aorta 
being  158  and  212  millimeters  ivspectively.^  The  maximum  pressures  obtaintnl 
from  simullauetnis  observations  upon  the  riglit  and  left  ventricle  of  a  dog  are 
variously  reported.  It  would  jiorhaps  be  not  lar  wrong  to  say  that  in  this 
animal  the  pressure  in  the  right  ventricle  is  to  that  in  the  left  as  1  to  "1.^} 

The  work  ilone  by  cacli  ventricle  during  its  systole  is  found  by  multiplying 
the  weight  of  the  pulse-volume  ejected  into  the  force  put  forth  in  cjecliDg  it. 
That  force  is  equal  to  the  pressure  under  which  the  pulse  volume  is  expelle<l. 
If  we  use  as  a  Iwii^ts  of  calculation  the  pressures  *)liserved  in  the  dog*s  heart  with 
llie  maximum  mauometer^  we  may  ju^isume  ils  the  measure  of  a  given  pressure 
within  the  contracting  human  lei^  ventricle  200  millimeters  of  menury,  and  for 
the  human  right  ventrioli'  77  millimeters.  If  for  each  column  of  mcrcnry  there 
be  substitutetl  the  corrc^pomting  culumu  of  blood,  the  heights  will  l>e  2.567 
meters  and  0.988  meter  respectively.  The  force  exerted  by  the  right  or  left 
ventricle  up4in  the  pulse-vulume  might  therefore  just  equal  that  put  forth  in 
lifting  it  to  a  lieighl  of  0.^*HS  or  2.0()7  meters.  If  we  assume  100  gnims  as 
the  weight  of  a  jKHNsible  pulse-volume  ejected  by  a  human  ventricle,  the  work 
done  at  each  systole  of  the  left  ventricle  would  he  100  X  2.567  =  266.7  gram- 
roeters,  and  at  each  systole  of  the  right  ventricle  100X0.988=98.8  gram- 
meters;  a  gmmmeter  being  the  work  dune  in  raising  one  gram  to  the  height 
of  one  meter.  The  work  of  both  ventricles  together  wtiidd  be  256.7 -+- 98.8 
=  355.5  grararneters.  The  foregoing  estimates  are  ottered  not  aH  statements 
of  what  docii  o<-cur,  but  as  very  rough  indications  of  what  may  occur.     Even 

'  F.  Oolu  an<l  J.  Gaule:  **Ueber  die  DnickTrrhiiltniBse  iin  Innem  des  llerwnB,*'  Arckw 
Jmr  dif  <ftmmyntf  PhyMtohnji^,  1R7H,  xvil    8.  100. 

'  S.  <lc  J«ger:  **  t'eber  die  Saugkrafl  de«  Henenfl,"  PjHi^i^s  Arrhir  fikr  Hie  ytrntmrntf  PAyii- 
viofu.  1WJ3*  8.  504,  S05.  '  Golu  nnd  G»ule,  op.  eU^  a  10«. 
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thus,  however,  they  are  of  moraeut.  Wiieii  we  tliiuk  of  the  vast  number  of 
beats  executed  bj  the  heart  every  day,  the  great  amount  of  energy  rendered 
manifest  in  niaintaiiiiiig  tliv  riroulatitm  becomes  apparent,  and  our  interest  is 
heightened  in  the  fact  tlmt  all  of  tlii^  large  sum  of  energy  is  liberated  in  the 
muscular  tissue  of  the  heart  itself.  Thus,  too,  the  physiological  significance 
of  the  dia'^tole  is  acccntunted  as  a  lime  of  rest  for  the  caniiae  muscle,  as  well 
a.s  a  necessary  pause  for  the  admission  of  bloo<l  into  the  ventricle.  To  disre- 
gard minor  considerations,  the  work  done  at  a  systole  will  evidently  depend 
upjn  the  amount  of  the  pulse-volume,  of  tlie  arterial  pressure  overcome,  and 
of  the  velocity  imparte*]  to  the  ejecteil  hlooiL  All  tlie^ie  are  variable.  The 
work  of  the  ventricles  tlierefore  ts  eminently  variable. 

The  Heart's  Contraction  as  a  Source  of  Heat. — lu  dealing  with  the 
movempnt  iif  the  blood  in  tht'  vcissels  we  have  seen  that  the  energy  of  visible 
motion  liljerated  by  the  cartliae  contractions  is  progressively  changed  into  heat 
by  the  friction  encounteretl  by  the  bloo<l ;  ami  that  tiiis  change  is  nearly  com- 
plete bv  the  time  the  blo<Ml  has  retnrneil  to  the  heart,  the  kinetic  energy  of 
each  systole  sufficing  to  drive  the  blotnl  from  the  heart  back  to  the  heart  again, 
but  probably  not  being  much  more  than  is  required  for  this  purpose.  Practi- 
cally, therefore,  all  the  enei*gy  of  the  heart's  coufcractlon  becomes  lieat  within 
the  body  itself,  and  leaves  the  body  under  this  form.  As  the  heart  lil)erate8 
during  every  day  an  amount  of  energy  which  is  always  large  but  very  variable, 
its  contractions  evidently  make  no  mean  contribution  to  the  heat  produced  in 
the  boily  and  parted  with  at  its  surface. 

H.  The  Mechanism  of  the  Valves  op  the  Heart. 

Use  and  Importance  of  the  Valves. ^^Tlie  discussion  just  concluded 
ehows  the  work  of  tlie  lieart  to  U^  tlie  iureible  jiuuiping  of  a  variable  pulse- 
vchirae  out  of  veins  where  tlie  pressure  is  low  into  arteries  where  the  pressure 
is  high.  It  is  owing  to  the  valves  that  tins  is  possible,  and  so  dependent  is 
the  normal  movement  ui  the  bUxxl  niM>n  the  valves  at  the  four  ventricular 
a{)ei*tures  that  the  crippling  of  a  single  valve  by  disease  may  suffice  to  destroy 
life  after  a  longer  or  shorter  period  of  im]>uired  eircniation. 

The  Aiuiculo-ventricular  Valves. — The  working  of  the  anriculo-ven- 
tricular  valves  (see  Fig.  18)  is  not  hard  to  gi"asp.  When  the  pressure  wiihin 
the  ventricle  in  its  diastole  is  low,  the  curtains  hang  free  in  the  veutricle, 
although  probably  never  in  close  ceutnet  with  its  wall.  As  the  blood  pours 
into  the  ventricle,  the  pressure  within  it  rises,  currents  flow  into  the  space  be- 
tween the  wall  and  the  valve,  and  prolxibly  bring  near  together  the  edges  of 
the  curtains  and  also  their  surfaces  for  some  distance  from  the  edges.  Thus, 
nptm  the  cessation  of  the  auricular  systole,  the  supervening  of  a  superior  pres- 
sure within  the  ventricle  prolmbly  applies  the  already  approximated  edges 
and  surfaces  of  the  curtains  to  one  another  so  promptly  tiiat  the  comnienoing 
contraction  of  the  ventricle  is  not  attendetl  by  regurgitation  into  the  auricle. 
The  pnnei[»le  of  closure  is  the  same  for  the  tricuspid  valve  as  for  the  mi- 
tral.    As  the  forces  are  exactly  equal  and  opposite  which  press  together  the 
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[jarta  of  the  surfaces  of  the  curtaius,  those  parts  iiuilergo  do  straiu, 
ami  hence  are  enabled  to  be  exquisitely  delicate  and  flexible  and  therefore 
easily  fitted  to  one  another.  On  llie  other  hand,  tlie  parts  of  the  valve  which 
intervene  between  the  surfaces  of  eoutiict  and  the  auriculo-veutritMdar  ling  are 
tough  and  much  thicker,  as  they  have  to  bear  the  brunt  of  the  pressure  witlun 
the  contracting  ventricle.  A.s  tlie  systole  of  the  ventricle  increases,  tlie  anrio- 
ulo-ventricular  ring  probably  iMTonies  smaller,  and  the  curtains  of  the  valve 
probably  become  somewlmt  liiitwl  from  base  to  apex,  f-o  thai  their  line  of  con- 
tact 18  a  zig-zag.  At  the  same  time  their  i^urfuces  of  contact  may  increase  lo 
extent. 

TendmouB  Corda  and  their  Uses. — The  structure  so  far  described  is 
wonderfully  elective  because  it  is  combined  with  an  arran^meut  to  prevent  a 
reversal  of  the  valve  \\\U>  the  auricle,  which  otherwise  would  occur  at  once. 
This  arrangement  consists  in  the  diH|wfcsi(i(in  of  the  tendinous  cords,  which  act 


Fic.  IS.— The  left  ventricle  utd  ftort«  laid  open,  to  thow  the  mitral  aod  ftortlc  temllunar  v«1v«t  (HenlcV 


as  guy-ropes  stretched  lx;tween  the  muscular  wall  of  the  ventricle  and  tlie 
valve,  whether  mitral  or  tricuspid.  These  cords  are  tough  and  ine]a.H(ic,  and. 
like  the  valve,  are  coattxl  with  the  slipj)ery  lining  of  the  heart.  They  are 
stout  where  they  spring  from  the  muscle,  but  divide  and  subdivide  into 
branches,  8trt>ug  but  sometimes  very  tine,  which  proceed  fan-wise  from  their 
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»tera  to  their  insertioDS  (see  Fig.  18).  These  iusertious  are  both  into  the  free 
margin  of  the  valve  and  into  the  whole  extent  of  lliat  surface  of  it  which 
looks  towani  the  wall  oCihe  vciitncle,  quite  up  to  the  ring.  By  means  of  this 
arraiigeiDeut  of  iIil*  l-orIs  each  t-'iirtaiLi  is  Ijl'IJ  laiit  from  \m^\  tfj  ajK'X  through- 
out the  systole  of  the  ventricles,  the  opposeil  surfaces  being  kept  in  appositiou, 
and  the  parts  of  the  tnirtaius  Ijetweeu  these  surfaces  and  tlie  ring  being  kept 
from  liellyiug  imduly  towani  the  auriele.  Each  curtain  is  lield  sutticientlv 
taut  from  side  to  side  as  well,  because  the  lenditiot]8  cords  inserted  into  one 
lateral  half  of  the  curtain  spring  from  a  widely  different  jiart  of  the  wall  of 
the  heart  from  tliose  of  the  other  lateral  half  of  it  (sec  Fig.  18),  At  all  times, 
therefore,  even  when  the  walls  of  the  ventricle  are  most  closely  approxinmled 
during  systole,  the  cords  may  pull  in  slightly  divergeut  directions  upon  the 
two  lateral  halves  of  each  curtain.  Tins  arrangement  of  the  cords  may  also 
cause  them,  when  tant^  to  pull  in  slightly  convergent  directions  upon  the 
ooutiguous  lateral  halves  of  two  neighboring  curtains  aud  thus  to  favor  the 
pressing  of  them  together  (see  Fig.  IH). 

Papillary  Muscles  and  their  Uees. — In  the  left  ventricle  the  tendinous 
cords  arise  in  two  groups,  like  bouquets,  from  two  teat-like  muscular  projec- 
tions which  spring  from  opposite  points  of  the  wall  of  the  heart,  and  which 
are  called  the  *'  jHtpiliary  muscles  "  (B^e  Fig.  18).  One  of  these  gives  origin 
to  the  cords  for  the  right  half  of  the  anterior  and  for  the  right  half  of  the 
posterior  curtaiu  ;  the  other  papillary  muscle  givesi  rise  to  the  oonls  for  the 
left  halves  of  the  two  cnrtain.s.  Each  papillary  muscle  is  commonly  more  or 
less  sulxlivideil  (s(h'  Fig.  18).  The  same  prhicij)h^s  are  «irric<l  out,  hut  less 
regularly,  for  the  origins  of  the  tendinous  cortlsof  the  more  complex  tricuspid 
valve.  Various  opinions  have  been  hehl  as  to  the  use  of  (he  papiliarv  muscles. 
It  seems  prubable  that  tinring  the  change  of  size  and  furm  wrought  in  the 
ventricle  by  its  systole,  the  origins  of  the  tendinous  cords  and  the  auriculo- 
ventricular  ring  tenil  to  be  approximateil  and  the  conls  to  he-,  slackenwl  in 
consequence.  Perhaps  this  is  checkwl  by  a  cumj>ensatory  shortening  of  the 
papillary  muscles,  due  to  their  sharing  in  the  systolic  contraction  of  the  nius- 
cuhir  mass  of  which  they  f4)rm  a  part.  ObsiTvntions  have  been  made  which 
have  been  interpreted  to  mean  that  the  papillary  muscles  begin  their  con- 
traction slightly  later  and  end  it  slightly  earlier  than  the  mass  of  the  veu- 

triele.' 

Semilunar  Valves. — Tfie  anatomy  and  the  working  of  the  seniilnnar 
valves  are  the  same  in  the  aorta  as  in  the  pulmonary  artery,  and  one  account 
will  answer  for  both  valves.  Each  valve  is  wunposcd  of  three  entirely  sepa- 
rate si-gmeuls,  set  end  to  etitl  within  and  arnuud  the  artery  just  at  ifcf?  origin 
from  the  ventricle.  The  attachments  of  the  segments  ntx^upy  the  entire  cir- 
cumference of  the  vessel  (Fig.  18).  Like  the  tricuspid  and  mitral  valves, 
each  semilunar  segment  is  compose<l  of  a  sheet  of  tissue  which  is  tough,  thin, 
supple,  and  slipj>ery ;  but  the  semi huiar  valves  ditfer  from   the  tricuspid  and 

'C.  8.  Roy  and  J.  G.  Adami :  "Heart-beat  and  Fulse-wuve,"  Thr  IMxdUima;  18W,  1. 
p.  88. 
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mitral,  not  ouly  in  the  complete  dlHtinctness  of  their  segments,  but  also  in 
their  me<^hauiMii.  The  ti^iulinouH  uonh  are  wholly  lacking,  and  each  segment 
de|>end6  upon  ii8  difect  coitnection  with  the  arterial  wall  to  prevent  reversal 
into  the  venirit^Ie  (hirin*^  the  diastole  of  the  latter.  If  the  artery  Ije  carefully 
laid  open  by  cutting  exactly  between  two  of  the  Kegmeuts,  eacli  of  the  three  is 
seen  to  have  the  form  of  a  jwcket  with  its  opening:  turnetl  away  from  tlielteart 
(see  Fig.  18).  Behind  each  segment,  the  artery  is  dilated  into  one  of  the  hol- 
lows or  "sinuses''  of  Valsalva.*  As  the  valve  lies  immediately  alx>ve  the 
base  of  the  ventricle  the  segments  rest  upm  the  top  of  the  thick  muscular 
wall  of  the  latti.*r,  which  affords  them  a  |M)wcrful  supjMirt  (sec  Fig.  ID). 
iijich  segment  is  atia4»he*l  by  the  whole  lengfii  of  its  longer  edge  to  the  arter)', 
while  the  free  margin  is  formed  by  the  bhorter  edge.  It  is  this  arrangement 
which  renders  reversal  of  a  segment  ini|)ossible  (see  Fig.  18). 


-Diagnun  lo  illtutnle  the  iiieoh«nism  of 

the  scmilitnar  valve. 


Flo.  a>.— DlagTAm  to  lUiutratc  the  mfrchaDUm  of 
the  Sftnltunar  valve  and  Ci>rp<>ni  AnintU. 


While  the  blood  is  streaniiug  from  the  ventricle  into  the  artery,  the  three 
ttgfuent!!  are  pressed  away  by  the  stream  from  the  centre  of  the  vessel,  hut 
never  nearly  so  far  as  to  touoli  its  wall.  At  all  times,  therefore,  a  jK»uch  ex- 
ists l>ebind  each  segment,  which  j>ouch  freely  communicates  witi»  the  genenil 
cavity  of  the  arlerj*.  As  the  ventricular  systole  nears  its  end,  the  ventricular 
cavity  doubtless  l>eifHnct4  narrowe<l  just  below  the  nrnt  of  the  artery,  and  with 
it  the  arterial  a|»ertMre  itself,  while  ctirrents  enter  the  sinuses  of  Valsjdva. 
Thus  for  a  double  reason  the  three  segnieuts  of  the  valve  are  approximated, 
and  proljably  the  l:tst  bhxxl  prcsse*!  out  of  the  ventricle  issu*.^  through  a  uar- 
n)w  chink  i»etween  them.  The  instant  that  the  pressure  in  the  ventricle  falls 
l»elow  the  arterial  pressure,  the  three  segments  must  l»e  bnaight  together  by 
the  superior  pressure  within  the  artery,  and  tightly  chjseil  by  its  forcible  rect»il, 
without  regurgitation  having  tKvurnjd  in  the  pro<*e<is  (see  Figs.  10,  20).' 

Lunulee  and  their  Uees. — KtwU  sej;mcnt  (»f  a  scnjiluuar  vnlve,  when 
ela^,  is  in  firm  contact  with  its  fellows  not  only  at  its  free  margin  but  also 
over  a  considerable  surface,  marked  in  the  anatomy  of  the  si-gment  by  the 
iwu  "luuulte'"  or  little  crescents,  each  of  which  i»c('Upies  the  surfact?  of  the 
It  from  one  of  its  ends  to  the  middle  of  its  free  margin,  the  shorter  edge 

'  Xsmed  frotu  the  Ilalinn  physician  and  anitomist  VulMlraof  Bologna,  born  In  1660. 

*  U  Rrelil:  *' Beitriif^  ziir  Kenntniw  der  FOllimtc  nnd  Kntleerunir  dn  HeirenA,**  Afthanft' 
JumgfH  dcr  math.-phy>tiffhm  CUum  d*r  k.  iiSt^gisekrn  <it»eilfthaft  der  Wimataekaften,  1B91,  Bd.  zvii. 
No.  5,  H.  3«0. 
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of  the  lunula  being  <inc-liuli'  of  the  free  njargin  of  the  segment  (see  Fig.  18), 
Over  the  surface  of  eaoli  lunula  each  segment  is  in  contact  with  a  difJerentj 
one  of  its  two  fellows  (see  Fig.  20).  The  firmness  of  closure  thus  secured  is 
shown  by  Figure  19,  which  reprchont-s  a  longitudinal  section  of  the  arter\*^ 
passing  through  two  of  the  closed  segments.  The  forces  which  press  together  J 
the  opiMised  surfaces  are  ef|ual  and  opjiosite,  and  the  parts  of  the  seguicnts 
wliicli  correspond  to  these  surfaces  undergo  no  ^ti*ain.  The  lunulas,  therefore, 
like  the  mutually  oppose«I  [>ortions  of  the  mitral  or  tricuspid  valve,  are  very 
delicate  and  flexible,  while  the  rest  of  each  semilunar  segment  is  strongly 
made,  to  resist  id'  itself  llie  arterial  jiressure. 

Corpora  Arantii  and  their  Uses. — At  the  centre  of  the  free  margin  of 
each  semilunar  scgmcntj  just  between  the  en<ls  of  the  two  luntdiej  there  is  a 
small  thick(!niug,  more  pronounced  in  the  aorta  than  in  the  puhnouary  artery, 
called  the  "body  of  Aranzi '"  (c^jrpus  Arantii).  This  thickening  both  rises 
above  the  edge  and  projects  from  the  surface  l>etweeu  tlie  luuulie.  When  the 
valve  is  closed,  the  three  corpora  Arantii  come  together  and  exactly  fill  a  small 
triangular  chink,  which  otherwise  might  be  left  open  just  in  the  centre  of  the 
cross  section  of  the  artery  (see  Figs.  18,  20).  ■ 

The  foregoing  shows  that  the  mechanism  of  the  semilunar  valves  is  no  less 
etTtrtive,  though  far  sinipKir,  than  that  iif  the  mitnd  and  tricuspid.  That  the 
tatter  two  should  l>e  more  complex  is  natural ;  for  each  of  them  must  givefl 
free  entrance  to  an<l  prevent  regurgitation  from  a  chatnljer  which  nearly 
empties  itself,  and  hence  undergoes  a  veiw  great  relative  change  of  volume; 
while  the  arterial  system  is  at;  all  times  distended  and  undergoes  a  change  of 
capacity  which  is  relatively  small  while  receiving  a  pulse-volurae  and  trans- 
mitting it  to  the  cajiillaries. 

L  The  Changes  in  Form  and  Position  of  the  Bbatinq  Heast,  an& 

THE  Cardiac  Impulse. 

General  Changes  in  the  Heart  and  Arteries. — During  tlie  brief  systole 
of  the  auricles  these  diminish  in  size  while  the  swelliug  of  the  ventricles  is 
completed.  During  the  more  jjrotractetl  systole  of  the  ventricles,  whicli  imme- 
diately follows,  these  diminish  in  sixe  while  the  auricles  are  swelling  anil  the 
injt'cteil  arteries  expand  and  lengthen.  During  the  greater  part  of  the  sue*  1 
ceeding  diastole  of  the  ventricles  both  these  an<l  the  auricles  are  swelling,  and 
all  the  muscular  fibres  of  the  heart  are  tlyccid,  up  to  the  moment  when  a  new 
auricular  systole  completes  the  diastolic  difstention  of  the  ventricles,  as  above  I 
staled.  During  the  ventriculur  diastole,  as  tlie  great  arteries  recoil  they 
shrink  and  shorten.  The  changes  of  size  in  thelHiating  heart  depend  entirely 
upon  the  changes  in  the  volume  of  blood  enntaiued  in  it,  and  not  upon  changes 
in  the  volume  of  the  muscular  walls.  The  muscular  fibres  of  the  heart  agree 
with  those  found  elsi^vhere  in  not  changing  their  vohinie  appreciablv  during 
contraction,  but  their  form  only.     The  eaiiliac  cycle  thus  runs  its  course  with 

'  Name<l  frotu  Jiiliua  Cntar  Aransi  of  Bulognn,  un  Itulian  phynmn  niid  anatomist,  bora 
in  1530. 
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rrgiilarly  recurring  rhanges  of  nizt;  in  th«  auricles,  the  ventricles,  and  the 
uteriea.  These  changes  of  size  are  aooonipanied  by  wrrt^iMinding  changes 
iu  the  form  :iihI  ]»(>si(ion  of  tlie  heart,  whi<*h  ut^e  lioth  itiiun'>ting  in  them- 
selves and  im|v>nuiti  in  relation  to  the  diaguct^is  nf  tliseii.se.  The  basis 
of  their  ?tudy  a)usi£its  in  opening  the  chest  anil  perii^anlium  of  an  animaty 
and  seeing,  touching,  and  othrr\nw»  inve^ligiuing  the  heating  heart.  The 
changes  iu  tlie  l>eiiting  heart,  moreover,  underlie  the  protluction  of  the 
so-called  cardiac  impulse,  or  apex-beat,  which  is  of  interest  in  pliysicid 
diagno.^i.c. 

Observation  of  the  Heart  and  Vessels  in  the  Open  Chest. — The  bat- 
ing hcjirt  may  be  oxposiii  for  observation  in  a  niuinmal  bv  laving  it  ujxui  its 
ha(*k,  |jerforming  tnicheotoniy,  and  completely  dividing  the  sternum  in  the 
me<linn  line,  beginning  at  theensiform  rartilagc.  ArtiHcial  re.^^piration  is  next 
establi.shed,  a  tube  having  Ijoeu  tie<l  into  tln'  tmrlien  iK'fore  the  chest  wad 
opened.  The  two  .sides  of  the  chest  are  now  drawn  asunder  and  the  j>erirar- 
diuni  iM  laid  o|>en  to  ex]Kise  tlie  heart. 

If,  in  any  mammal,  the  ventricles  be  lightly  taken  l>etween  the  thumb  and 
foretingor,  the  moment  of  their  svsftole  is  reveale<l  by  the  sudden  hardening  of 
the  heart  |)r(KliRiMl  by  it,  as  the  nuiscnlar  fibres  contract  and  prcFs  with  force 
upon  the  liquiil  within.  On  the  other  hand,  tlie  v^'iitricular  diastole  is  marked 
by  .^ch  flaccidity  of  the  muscular  fibres  that  very  light  pressure  indents  the 
surface,  juid  causes  the  finger  to  sink  into  it,  in  j^pite  of  care  l>eing  taken  to 
prevent  this.  CVmimonly,  then'fore,  at  the  i^ystole  tlie  tinunb  an<I  finger  are 
palfiably  and  visibly  forced  apart,  no  matter  where  appltc^l,  in  Hpitt'  of  the  fati 
that  the  volume  of  the  ventricles  is  diminishing.  This  sinking  of  the  finger 
or  of  an  instrument  into  the  relaxed  wall  of  the  heart  has  given  rise  to  many 
errors  of  obscrvuti<vri  nganliiig  changes  during  the  In-at.  The  time  when  the 
ventricles  are  hardened  beueuth  the  finger  coincides  with  the  up-stroke  of  the 
arterial  pulse  nejir  the  heart,  \iUi\y  as  phowii  by  Harvey,^  with  the  time  when 
an  intermittent  jet  of  blofxl  springs  from  a  wound  of  either  ventricle.  The 
hanlening  is  proven  thus  to  mark  the  systole  of  the  ventricles.  Those  changes 
of  size,  form,  and  position  of  the  exp«>se<i  heart  which  atxjonipany  the  harden- 
ing of  the  ventricles  beneath  the  finger  are  therefore  the  changes  of  the  ven- 
tricular systole  ;  and  the  converse  changes  are  those  of  the  ventricular  diastole. 
To  interpret  all  the  changes  correctly  by  lliceye  alone,  witliout  the  aid  of  the 
finger  or  of  the  jet  of  l)loo<l,  is  a  ta«ik  of  surpis^ing  difficulty  in  a  rapidly  beat- 
ing heart,  n^  was  elo<|uentIy  set  forth  by  Harvey.' 

Changes  of  Size  and  Form  in  the  Beatiugr  Ventricles. — In  a  mutn- 
mal,  lying  upon  its  Uick.  with  the  heart  ex|>ove<l,  the  ventricles  evidently 
beci>me  smaller  <luring  their  systole.  Their  girth  is  everywhere  diminished 
and  their  length  alsf>.  the  latter  much  le«is  than  the  former;  indeed  the  dimi- 
nution in  length  is  a  dispute<l  ]H)int.     Not  merely  a  change  of  sijse,  but  a 

'  Exrrdiatio  Anatomiva  dt  Molu  Chrtlis  H  Sm^nit  in  Antmnliim*,  1628,  p.  23;  Willis*  Irnfis- 
Jfttinn.  Rowie's  editinn,  188U,  p.  23. 

*  Op.  nf.,  UV2H,  p.  'iO ;  Willis*  trmn&Ution,  Bowie's  edition,  p.  2a 
Vot.  I.— s 
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change  of  form  is  thus  pifwluced  ;  the  heart  heconics  a  smaller  and  short<?r,  but 
a  more  poinUtl  cone.  The  namuviiifr  from  side  to  side  is  very  conspicuous.  In 
the  ojvnod  Hirst  of  n  niamnml  lyin^i;  fin  its  hiiok  this  narrowing  is  acccmipjinied 
In  n  fhanp'  whirli  ]ftol)aMy  diK's  imt  ownr  in  tin  uM<»|W'itfd  chest,  viz.,  by  some 
increase  in  the  diameter  of  the  heart  fmm  brt^ast  to  back,  so  that  the  surface  of 
the  ventrieli's  toward  the  nliscrver  Ueermies  Tn(>re  ciHivex  (see  p.  116),  Thus 
the  base  of  the  ventricles,  winch  (truded  to  be  nnj^idy  elliptical  during  their 
relaxation,  tends  to  become  circular  duriug  their  contraction  ;  and  the  diameter 
of  the  circle  \s,  givatiT  than  the  shortest  diameter  of  the  elMps*.',  whieh  latter 
diameter  extends  iVoia  breast  to  back.  At  the  saine  time,  tlie  area  ol'  the  base 
when  circular  and  coutracted  is  much  less  than  whcu  cUiptica)  and  relaxed.^ 
Naturally,  none  of  these  cotupartsiuis  to  muthLniatieal  lijxures  makes  any  pre- 
tence to  exactness.  At  the  siune  time  that  the  cantraetiniij  heart  undergoes 
these  changes,  the  direction  of  its  lou^  axis  Ikhmjiiics  altered.  In  auimai*  ia 
which  tlie  heart  is  oblique  within  tlie  chest,  the  line  from  the  centix^  of  tlie 
base  to  the  apox,  that  is,  the  long  axis,  wliile  it  jwiinta  in  general  fii>m  head 
to  tail,  points  also  toward  tlie  breast  and  to  the  lelh  In  an  animal  lying  ou 
its  back,  the  ventrielet*  when  relaxed  in  diastole  tend  to  Ibrm  an  olilfque  cone, 
the  ajiex  havirij^  subsided  oblicpiely  to  tiie  left  and  toward  the  tail.  As  the 
ventricles  harden  in  their  systole,  thtty  tend  to  change  from  an  oblique  cone  to 
B  right  cone  ;  tfie  long  axis  tends  to  lie  more  nearly  at  right  angles  to  the  bane ; 
and  consequently  the  apex,  unfettered  by  pericardium  or  chest-wall,  makes  a 
slight  sweep  obliquely  toward  the  head  and  to  the  right,  and  thus  rises  up 
btxitly  for  a  little  way  toward  the  observer.  This  movement  was  graphically 
called  by  Harvey  the  creeiir>n  of  the  heart.*  It  is  accompanied  by  a  slight 
twisting  of  the  ventricles  about  their  long  axis,  in  siicli  fashicm  that  the  left 
ventriile  turns  a  little  t(»ward  the  breast,  the  riglu  ventricle  toward  the 
back . 

Changree  of  Position  in  the  Beating*  Ventricles. — The  <?hange.s  in  form 
imjily  changes  in  positiuu.  The  oblique  movement  of  the  long  axis  implies 
that  in  systole  the  mass  of  the  ventricles  sweeps  over  a  little  toward  the 
niediaji  line  atul  also  a  little  toward  tlic  head.  The  shortening  of  the  long 
axis  iiujilies  thiit  either  tlie  apex  receilei?  from  the  breast,  or  the  base  of  the 
ventricles  receiK*s  from  the  bsick,  or  both.  Of  these  last  three  jwwsible  cases, 
the  se(*<uHl  is  the  4juc  that  otx-urs.  The  oblique  iTH)veinent  of  the  ajx^x  is 
accompanied  by  no  recession  of  it;  but  the  aLiriculo-ventrieular  furrow  and 
tlie  roots  of  the  aorta  and  pulmonary  artery  move  away  from  the  spinal 
column  as  the  injecteil  arteries  lenLrthen  and  expand^  and,  as  the  auricles  sw*ellj 
during  the  contnielion  of  the  ventricles.  During  their  diastole  the  ventricles 
arc  soft ;  they  swell ;  and  changes  of  form  an<l  position  oeeur  which  are 
simply  converse  t^  those  of  the  systole  and  have  been  indicated  already  in 
dealing  with  the  latter. 

'  r.  Liidwig:  '*Ueber  den  Ban  nnd  die  Btwegiingcn  tier  Hcraveiitrikel,"  Zdt^rift  Jur 
mtUmrnf  MciUzin,  1849.  vii.  S.  189. 

•  Op,  eit,  1628,  p.  2*2.     TraiiftUtion,  1889,  p.  22. 
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of  Uith  ti»e  veiitrirli'H  mil-  m>  I  hick  that  tiie  color  of  the  two  is  tlie  same  uud 
is  uui'lmiiging,  namely,  that  of  their  muscular  mass;  but  the  walls  of  the 
auricles  are  so  thin  that  tlieir  c<^!(>r  is  atKctc*!  by  that  of  the  bhxxl  within,  so 
that  the  ri^ht  aurit'li.'  KkjU.*^  blui::h  and  dark  and  the  left  auricle  ix'il  anil 
bright.  During  the  brief  systole  of  the  aurieleR  they  are  seen  to  become 
(sUiullcr  and  |wiler  as  blood  is  cxjm.'IIl'*!  frt»m  them,  while  ilicir  serrated  etlgtis 
and  auricular  apifccndages  shrink  nipidly  away  from  ilie  observer.  The 
changes  of  the  auricular  bystole  are  seen  to  jjixt-ede  immediately  the  changes 
of  the  systole  of  the  ventricle*  and  to  suweed  the  reptjse  of  the  whole  heart. 
During  the  relatively  long  diasitile  of  the  auricles  these  are  seen  to  swell, 
whether  the  ventricles  are  hhrinking  in  systole  or  are  swelling  during  the 
first  and  greater  part  of  their  diastole. 

Chanfi'ea  in  the  Great  Veins. — Iti  the  venie  c;ivie  and  pulmonary  veins  a 
pulse  is  visible,  moiT  pluinly  iu  the  fnrrncr  than  in  The  laiter^  wlii<-lL  pniM'  has 
the  same  rhytliiii  as  tliat  of  the  heart's  beat.  Tlie  causes  of  this  pulse  are 
complex.  Tl  (lepfiiils  in  (>art  ufMin  tho  rliythmic  cnntnictfon  of  nuiscular 
fibres  in  the  walls  of  the  vi-ins  n«ir  the  auricles,  whicji  must  hcigjitcu  the 
flow  into  the  latter,  and  which  eontraetion  the  aurieulur  systole  imniedmtely 
follows.'  This  venous  pulse  will  be  mention*?*!  again  in  discussing  the  details 
of  the  events  of  the  cyele  (se**  p.  13^). 

Changes  in  the  Great  Arteriee. — It  is  iuteresting  to  note  that  eveu  in 
so  large  an  animal  as  the  ealf  the  ptdse  of  the  aorta  or  of  the  pulmonary 
artery  can  hanlly  l>e  appreciated  by  the  eye,  so  far  as  the  increase  in  girth  of 
either  vessel  is  cfmcerned.  The  expansitju  of  the  artery  alTects  equally  all 
points  in  its  circumference,  ami  l)eing  thu^  distribtited,  is  so  slight  in  propor- 
tion to  the  girth  of  the  vessel  that  the  profile  of  the  latter  scareely  seems  to 
change  its  place.  The  lengthening  of  the  ex|Kindiug  artery  can  be  more 
readily  seen. 

EfiPeots  of  Opening*  the  Chest. — Such  are  the  changes  olwerved  in  the 
heart  aud  vessels  when  expKs*:-!!  in  the  opened  chest  of  a  maninial  lying  ou 
its  back.  The  question  at  omv  arises,  Can  these  changes  be  accepted  as  iden- 
tical with  those  which  occur  in  the  unopened  chest  of  a  ipiadruped  standing 
U|>on  its  feet,  or  of  a  man  standing  en^t?  It  will  Ite  most  protitable  to  deal 
at  once  with  the  aise  of  the  human  subject.  What  are  the  possible,  indeed 
yvvbsble,  difterentvs  between  the  changes  in  the  heart  iu  the  uuoj>eued  upright 
chest  and  in  the  same  when  opened  aud  supine? 

AVheu  air  is  freely  adniitte<l  to  U>th  pleural  sacs,  all  those  complex  effects 

Upon  the  circulation  are  at  once  alH»lisheil  which  we  have  seen  to  be  caused 

.^  the  elasticity  of  (he  lungs  and  the  au»vements  of  respinition.     The  arti- 

respiratiou  will  have  an  effet-t  u|Hin  the  pulmonary  transit  of  the  blood 

19  npon  the  circulation  ;  but  the  details  of  this  efleot  are  not  the  same  as 

of  natural  respiration,  and,  for  our  present  purjwse,  may  be  disregarded. 

*  T.  I^iitler  Brunton  and  F.  Kayrer :  *'  N(»(c  on  Ini]e|>cmJent  Pul-cntJon  of  the  Puluionar/ 
Veins  ftod  Vena  L'liva,"  Prvcfcdinfj9  of  Ut(  Royal  Sucirty,  1870,  vul.  xxv,  p.  174. 
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\VIiat  has  l>eeu  abolished  is  the  eoutiniml  suotioi],  rhythinically  increased  id 
in?ipirution,  exerted  by  the  lungs  upon  the  heart  ami  all  ilie  ve.ssels  within  the 
chest,  which  suction  ut  all  times  favors  the  expansion  and  resists  the  cofl 
tractian  of  the  cavities  of  the  heart  and  of  the  vessels.     On  the  opening  o 
b^^th  pleural  sacs  the  heart  and  vessels  are  exposed  to  the  undiminished 
nrivjirying  pressure  of  the  atmosphere.     Moreover,  the  heart  has  ceaseti  to 
packed,  as  it  were,  l>eiweun  the  pluunu  uud  lungs  to  ri^lit  and  left,  the  spi 
tlio  front  of  the  chest-wall,  and  the  ifinpliragm.     From  these  considerations 
follows  that  the  heart  must  be  Cnvr  to  cliange  its  form  and  position  in  the 
opened  than  in  the.  unopened  chi^st  \  and  that  these  changes  must  be  nioS 
modified  by  sim|)le  gravity  in  the  former  case  than  in  the  latter.     Even  \w 
the  open  chest  we  have  studicil  these  changes  only  in  an  animal   lying  on  its 
back.     But  if  we  turn  tlie  creature  to  either  side,  or  \Ai\v&  it  upright  in  insfl 
tatlon  of  the  natural   human  posture,  the  veutrielL's  of  the  cx|M>sed   heart  in 
aj»y  case  lend  to  a?->iiinc,   in  sy-^tole,  the  same  form,  which   has  been  com- 
pared roughly  to  a  right  coiig  with  a  circular  Ixise.     This  is  the  form  proper 
to   the    hardened    struetin-c  of  branching  and  coiiritx'fcd   fibres  of  which   r 
contracting  ventricles  consist.     But  if  the  exposed  ventricles  l)e  uotetl  in  di 
tole,  it  will  a])pear  that  their  form  depends  very  largely  up(»n  the  effects 
gravity  ujM)n  the  exceedingly  soft  and  yielding  mass  formed  by  their  relaxed 
fibres.     We  have  seen   (hem,  in  diastolic,  to  flatten   from  breast  to  back,  to 
spread  out  from  side  to  side,  io  gravitate  towartl  tiiu  tail  and  to  the  left.     If 
the  animal  is  laid   on  its   side,  they  flatten  from   side  to  side,  they  spread 
out  from    breast  to    back,  and    gravitate    to  the    right   or    left,  as  the   cai 
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Probable  Changres  in  the  Heart's  Form  and  Position  in  the  Unopened 
Chest. — It  is  fair  to  ctinjefture  that  the  increase  of  the  rolaxcHl  ventricles  in 
girth  atui  in  lungtli  wOneh  is  seen  in  tJic  o|»en  ehest  wouki  not  Iw  greatly  differ- 
ent in  the  closet!  chest  of  a  man  in  the  upright  pasture.  But  it  is  probable 
tliat  the  flattening  of  the  exposwl  heart  from  breast  to  back,  wliich  is  seen  in 
diastole,  woultl  not  occur  jf  llic  client  were  closeil.  It  is  prceis<.-ly  in  this  direc- 
tion that  the  flaccid  heart  exposed  in  the  supine  chest  would  be  flattened  un- 
dtdy  by  its  own  weight,  when  deprived  of  many  of  its  anatomical  supports 
and  of  the  dilating  influence  of  the  lungs.  The  flattening  fn)m  breast  to  hnck 
must  cause  an  exaggerated  sjtn-aiUng  out  from  side  to  side  and  hence  an  unduly 
elliptical  form  of  the  Imisc,  iujusniuch  as,  at  the  same  time,  the  girth  of  the  venfl 
tricles  is  increasing  as  they  etdarge  in  their  diastole.  Conversely,  it  is  prob- 
able, both  a  priori  and  from  exj>erimental  evidence,  thiit  in  the  chest,  when 
closed  and  upright,  the  diminution  in  size  of  the  contracting  ventricles  profl 
cee<ls  more  symmetrirnlly  :  that  their  girth  everywhere  diminishes  through  a 
diminution  of  the  tliameter  from  breast  to  back  as  well  as  of  that  from  side  to 


•  J.  R  Haycraft:  "The  Mr»venienlB  of  thp  Heart  within  ihe  Chefit-cavity,  and  the  Cardio-^ 
grrani."  The  Joumnl  of  /*Ay(nW<w/y,  vol-  xii.,  Nos.  5  and  »).  I>ctcniber.  IHyi,  |i.  448;  J.  B.  Hay- 
craft  nnii  D.  R.  Patorsun  i  "The  Ch.'inges  in  Sha|K?  uml  in  Piwition  of  the  Heart  during  the 
C&rdiac  Cycle,"  77ic  Journal  of  PhjfKQh^.  vol.  xix.,  Xoe.  5  and  0,  May,  1896^  p.  490. 
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8kle,  and  not  throiigli  au  exaggerated  letusciiiiig  of  the  latter  and  an  actual 
iuorea.se  vi'  the  ibriucr.  In  this  ease,  too,  the  base  would  teud  to  l)eeoine 
more  circular  during  tiie  systole  by  means  of  a  less  marke*!  rliauge  from  the 
diastolic  form.' 

It  ha^  been  .said  that  in  sysU^Ie  the  ventricles  are  boiuewliat  sliortened 
iu  the  exposed  heart,  and  proliably  ali^j  in  the  uuo{)ened  human  chest.  lu 
thi*  open  chest  the  apex  does  not  recede*  at  all  in  virtue  of  this  shorten- 
ing ;  on  the  contrary,  the  baMe  of  the  ventricles  is  seen  to  move  toward 
th<*  a|}ex,  and  away,  therefore,  from  the  spine.  Ex}»erinient  has  ]»roven  that 
the  foregoing  is  true  also  of  the  unopened  chest.*  It  has  been  note<l  already 
that  this  movement  of  the  ba.se,  which  in  the  upright  chest  would  be  a  descent, 
is  accompanied  by  a  lengthening  of  tlje  aorta  and  pulnionarv  arierv  ns  their 
distention  takes  place.  Very  probably  it  is  the  thrust  of  tlie  lengthened  arte- 
ries which  largely  tenses  the  descent  of  the  base  of  the  contracting  ventricles, 
which  descent  coiniMiiisjites  for  the  shortening  of  the  ventricles  and  retains  the 
apex  in  contact  with  the  chest-wall. 

The  Impulse  or  Apex-beat. — It  must  always  have  been  a  matter  of  com- 
mon knowledge  that,  iii  uian,  a  ]*ortioii  of  tlic  heart  lies  so  close  to  the  chest- 
wall  that,  at  each  Iwat,  the  soil  parts  of  that  wall  may  be  seen  and  telt  to  pul- 
sate over  a  limitetl  area.  This  is  commonly  in  the  fourth  or  tifth  intercrtstal 
space,  midway  between  the  left  margin  of  the  sternum  and  a  vertical  line  let 
fall  from  the  left  nipple.  A  similar  pulsation  may  l)e  observwl  in  other  mam- 
urnls.  The  protnisi(*n  of  the  cliest-wallat  the  site  of  this  *'  impulse  *'  or  **ai)ex- 
beat "  occurs  when  the  arteries  ex[>and,  and  the  up-stroke  of  their  pulse  is  ielt ; 
and  the  recession  of  the  chest  coincides  with  the  shrinking  of  the  arteries  away 
from  the  finger.     The  impulse  proper,  thai  is  the  protrusion  of  the  chest-waH, 

ura,  therefore,  at  the  time  of  the  systole  of  the  ventricles.  By  far  the  most 
important  factor  of  the  apex-beat  is  probably  the  etTi>rt  of  the  hardening  ven- 
tricles to  change  the  direction  of  their  long  axis  against  the  resistance  of  the 
cheat-wall.  A  heart  severed  from  the  body  and  bloodless,  if  laid  upon  a 
table,  lifts  its  apex  as  it  Imrdens  in  systole  and  assumes  its  pro|wr  form.  If  a 
finger  be  plaix^i  near  enough  to  the  rising  «|>ex  to  be  struck  by  it,  the  same 
bcnsation  is  received  as  from  the  impulse. 

It  is  interesting  to  note  that  around  the  point  where  the  soft  jtarta  of  the 
chest  are  protrufied  by  the  impulse,  they  are  found  to  be  very  slightly  drawn 
in  at  the  time  of  its  occurrence.  This  drawiug-in  is  cjUled  the  "negative 
impulse,"  and  must  be  (*aused  by  the  diminution  in  size  of  the  coutnicting 
ventricles.  These  are  air-tight  within  the  chest,  and  «o  their  forcibly  lessened 
surface  must  be  followed  down,  in  varying  degrees,  under  the  pressure  of 
the  atmosphere,  by  the  elastic  and  yielding  lungs  and  by  the  far  less  yield- 
ing soft   parts  of  the  chest-wall. 

The  a|)ex-bcttt  can  l>e  brought  to  bear  in  various  ways  upon  a  recording 
lever,  and  thus  be  made  to  iuscril>e  ujK>n  the  kymograph  a  rhythmically,  fluc- 
tuating trace,  which  is  called  a  cardiogram.     Considerable  attention  has  l>eeo 

*  J,  B.  UaycraA  :  toe.  cU.  '  Ha;rcraft  :  ioe.  eit. 
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given  to  the  elucidation  of  the  curve  thus  recorded ;  but,  so  far,  too  little 
agreement  has  been  reached  for  tlie  subject  to  l>e  cntorotl  upon  here.* 

J.  The  Sounds  of  thk  Heart. 

If  tlie  ear  be  applietl  to  tin  hijiuuu  fljcst,  at  or  near  tlie  place  of  the  apex- 
bi'ui,  tlie  lioart'.s  piilaiation  w\\\  be  heard  as  well  a?:  felt.  This  fact  wa*  known 
to  Harvey.*  About  two  hundretl  years  later  than  Harvey,  in  1819,  the 
French  physician  Ijacniiec,  the  inventor  of  auscultation,  made  known  the  fact 
that  each  l>eut  of  tlie  heart  is  aw.»oiupanietl  not  by  one  but  by  two  sejmmte 
soiiihIk.  lie  also  called  attention  to  their  great  importance  in  the  diagnosis  *»f 
the  diseases  of  the  heart.'"* 

RelationB  of  the  Sounds — Tlie  first  soinid  is  heard  duriti):;  the  time  when 
tlit^  a]K'X-l>eat  i.H  felt  ;  it  tlien-fore  eoiiiride^  with  the  srv.stole  of  the  ventricles. 
The  second  sound  is  mtich  shorter,  and  follows  the  first  immediately,  or,  to 
s[M"ak  more  strictly,  after  a  s«irwly  ai»prccial>Ie  interval.  The  second  sound, 
therefore,  eoiiiuideti  with  llie  earlier  part  of  the  diutitole  o^  the  ventricles. 
The  second  sound  is  followed  in  its  turn  by  a  period  of  silence,  commonly 
longer  considerably  tlian  the  scroiid  .sound,  which  silence  lasts  ttll  the  begin- 
ning of  tlie  lirst  sound  of  the  next  ventricular  beat.  The  period  of  silence, 
therefore,  eoineidos  with  the  later,  and  usually  longer,  portion  of  the  diastole 
of  the  ventricles,  and  with  tlie  systole  of  the  auricles.  It  is  interesting  that 
the  great  aiisenltator,  T*;iennep,  otierecl  no  explanati<»n  of  tlie  cause  of  either 
Bouud,  while  he  made  and  reiterated  the  ineorrecL  and  niisleatling  statement 
that  the  seconil  sound  coincides  with  the  systole  of  the  auriclen.  When  the 
heart  beats  oflener  than  nsnal,  each  beat  must  be  aa^r>ni[ili>lie<l  in  a  shorter 
time;  and  it  is  fouiul  dial,  during  a  briefer  beat,  the  pt'no<l  of  silenc*'  is 
shortened  jimii-li  more  than  the  period  during  which  the  two  souuds  are  audi- 
ble; whith  latter  period  niay  not  In*  aUennl  apjire<'ialdy. 

Characters  of  the  Sounds. — Tlie  first  sonnil  is  not  only  e(vmpjiratively 
long,  but  is  low-pilehed  and  muffled.  Tlie  second  sound  is  tM)m|«iratively 
sliort,  and  is  high  and  clear.  The  two  sounds,  theref^ire,  are  sharply  con- 
trasted in  durati()n,  pitch,  and  quality.  A  ntn^li  notion  of  the  conti-aste^l 
characters  of  the  sounds  may  be  obtained  by  pronouncing  the  meaningless 
syllables  *Mubb  dup,"  In  other  mammals  the  sounds  have  substantially  the 
same  characters  as  in  man. 

Cause  of  the  Second  Sound. — Since  Ijaennec'.s  time,  the  cause  of  the 
second  sound  has  l)een  demonstrated  by  ex{>eriinent.  The  secon<l  sound  is  due 
to  the  vil»nUioiis  eause^l  hv  the  f-imnllaneous  elosnre  of  the  semilunar  valves 
of  the  pulimmary  artery  mul  of  the  aorta,  when  the  diastole  of  the  ventricles 
has  just  begun.      This  cause  was  first  suggested   by   the  French  physician 

*  M.  von  Frey :  DU  Untermehufnj  rfw  PtU«ai,  etc,  1892,  S.  102 ;  K.  Tigerstedt:  LrJiHiurM  dtr 
Phttfiofn^U  itfjt  Krfitian/rg,  Loiptig,  1893,  S.  112, 

^  Kxercitatiti  Anntomi(*\  tie  Motu  Vurdis  et  .Sunguinis  in  AnimaHbM,  1628,  p.  30;  Willis's  traD»- 
Ution.  Bowic'i*  «ililion,  1889,  p.  'M. 

•  R.  T.  11.  Laennec:  De  PauMuttalum  rrt^i/irt/c.etc.,  Paris,  1819. 
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Ilouanet  in  1832;*  unt  long  aftcrwnn!  it  was  <H>nclusiv«iy  proven  by  oxperi- 
nifnt  by  tla*  Eufflisli  physimn  C.  J.  R.  Williams.* 

Dr.  Wiliiani.s*s  cxiM^riment  was  as  follows:  In  a  youui;^  ass  the  chest  was 
opcut'd  and  the  heart  was  ex|iO"ie<l.  It  wa^  nstvrtained  that  the  second  .soiukI 
was  aihiihle  through  a  sl('tliose<)|K;  applied  to  the  heart  iti^elf.  A  sharp  h<K)k 
was  then  p;i8svtl  through  the  wall  of  the  pulmonary  artery,  and  was  so  diret^ted 
as  to  make  the  soniilunar  valve  ineompetent  temporarily.  By  means  of  n 
flecoml  lu>ok,  the  nf»rtif  seiinhiiiar  valve  was  likewise  made  ineonijK'tenl, 
When  l>oth  htHjks  were  iu  position,  t!ie  heart  was  auscultated  afresh^  and  the 
seeond  sound  was  f^und  to  have  tlisuftpeared,  and  to  be  repla^'Otl  by  a  hissing 
miiriuur.  The  lnx>ks  were  willuiniwu  during  auscultation,  and  at  tlie  moment 
of  withdrawal  the  murmur  <lisappcarcd  and  the  normal  secund  sound  recurrc?d. 
Subsequent  clinifjd  and  ]iost-moilom  i>liscrvations  have  ^hown  that  the  second 
sound  may  t>e  alteivd  by  dir?ease  which  cripples  the  aortic  valves. 

Causes  of  the  First  Sound. — The  c:uises  of  the  first  sound  have  not 
been  proven  so  clearly  by  the  available  evidence,  which  is  jiartly  experimentHl 
an<l  jMirtly  derived  from  physical  diagnosis  fidlowed  by  jwst-mortem  voritica- 
tion.  The  first  Si>und,  like  ihe  second,  was  a^crilieil  by  Kiiuanel"'  to  viluiitions 
4le|>endinj;  u|ion  valvular  closure, — the  simtiltaueous  cktsure  of  the  tricuspid 
and  mitnd  valves;  but  the  jiei-sistenee  of  the  Kouiid  throughout  the  whole 
ventricular  systole  made  this  cause  less  prolmble  llian  in  tlie  case  of  the  second 
sound.  Williams/  on  the  other  hand,  ascril)c<]  the  first  sound  to  the  con- 
tniction  of  tlie  muscular  tissue  <tf  the  ventricles, — an  explanation  cr)nsistent 
with  the  muttietl  quality  of  the  first  sound,  and  with  its  persistence  thnuigh- 
out  the  systole  <»f  the  ventricles.  It  is  now  believed  by  many  that  both  of 
tlie  foregoing  explanations  are  correct,  and  that  the  first  sound  is  com[MMite  in 
it«  f>rigin,  and  due  U»tli  to  closure  fif  the  valves  and  to  muscular  contraction. 
The  evulence  iu  favor  of  these  ^-auses  is,  briefly,  as  follows: 

In  favor  of  a  valvular  element  ru  the  first  sound,  it  is  maint^tiucti :  That 
if  the  vontrichs  of  a  dead  heart  1m'  suddenly  distende<l  with  iiquid,  the  mitral 
aud  tricuspid  valves  priMlutv  a  sound  in  cloning  ;  and  that  clinical  and  |Me>i- 
mortem  ol>si.'rvationH  show  that  the  first  sound  may  be  altered  by  disease 
which  crip]>les  the  auriculo-ventricular  valves. 

In  iiivor  itf  an  element  iu  the  fii-st  sound  uaused  by  auiscular  contraction 
it  is  maintaimHl :  That  in  u  still  living  but  excised  heart,  the  first  Aoinid  con- 
tinues to  l)e  heard  under  ciivunislances  which  preclude  the  closure  an<l  vibra- 
tion (if  the  valves,  and  leave  in  (>|H'ratiou  no  conceivable  cause  for  the  first 
Bound  ext*cpt  muscular  coutraction.  Experiments  u)K)n  the  first  .sound  of 
the  excised  heart  were  reported  in   1868  by  Ludwig  aud  Dogiel,*  aud  were 

'  J.  Roiianet  :   Anaiyte  rien  OniiU  tin  ffrvr^  rnris,  1S32. 

•  C.  J.  B.  WilliaiiiH  ;  />i>  PnthoiMfU  untt  IHatftu^tt  der  Kmnkhriten  der  Brutt,  ftt^  Nach  (Jer 
dritten.  sehr  vernichrton  AiiflH^  niw  dem  Ertglimrhen  flberselzt.  Bonn,  1838.  (The  writer  has 
not  accn  an  Kngliftli  edition.)  *  />w*.  rit.  *  Aor,  fit. 

*  J.  DojEriel  Qod  <■.  Ludwig:  "Kin  noucr  Verstich  filn-r  den  vnttn  Henrton,"  BericMu  Hber 
dui  VtrhamUitngen  der  k.  adohntehen  Oc»eU$eAt^  der  H''iMnu(Aa/)f«n  ni  Leiptty,  ptaiJt,-phtfKuiek€ 
dcutfr,  1K(}8,  R8i». 
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pcHormed  upon  the  dog  as  folK^W!^ :  The  Lt-art  wua  expueed  during  arti- 
ficttJ  rej^iratioD,  aud  loot^e  Ligatures  were  placed  apoa  the  veuee  cav&e,  the 
fnlmooarv  arten-,  the  pulmonary  vein.s,  aud  the  aorta.  Next,  the  loose 
Ugaiares  were  tightened  in  the  order  ahove  written,  during  which  process 
tbe  beatitig  heart  necessarily  pumped  itself  as  free  as  possible  of  blood. 
The  xemA  were  then  divided  discally  to  the  ligatures,  aud  the  heart  waa 
excued  and  nospendcd  in  a  conical  glass  vessel  containing  fre^^hly  drawn  defi- 
briuated  blood,  iu  which  the  heart  was  fully  immersed  without  touching  the 
giaas  at  any  point.  Under  these  conditious  the  excised  heart  might  execute 
as  many  a^  thirty  beats.  The  conical  glass  vessiel  was  supported  in  a  '*  ring- 
Btand.'*  The  narn>w  [>ottoiu  of  the  vesssel  ajn.-^ist^sl  of  a  thin  sheet  of  india- 
rubber,  witli  which  loat  was  connected  the  flexible  tube  aud  ear-pieue  of  a 
•tethosoope.  By  means  of  the  latter  any  sound  produced  by  the  beating 
heart  could  be  heard  tliniugh  the  blood  and  the  sheet  of  rubber.  The  second 
fK>Dnd  was  not  heord  ;  but  at  each  contraction  of  tiie  ventricles  the  first  sound 
wa^i  heard,  not  of  tlie  same  length  or  loudness  as  normally,  but  otherwise  unal- 
tered. The  conditions  of  experiment  were  held  to  preclude  error  resulting 
from  adventitious  snumln ;  morerjver,  the  heart  befon*  excision  had  pumped 
itself  free  from  all  but  a  fraction  of  the  amount  of  biotnl  recjuired  to  close  the 
valves,  and  Imd  iK't-n  so  treatcil  thut  no  more  could  Miter.  It  was  therefore 
believeil  Uy  l>e  pmctically  imjiossibic  that  the  sound  lienrd  could  have  its 
origin  at  the  valves;  and  no  irrigin  remained  C4»uceivuUle  other  than  in  the 
nnisrular  contraction  of  the  ventricular  systole.  Later  ex|K.*rinieut8,  iu  wliich 
tiie  auri<'ulo-veutricuIar  valves  luivc  been  rendered  incompetent  by  mechani- 
cal means,  have  seemed  to  confirm  the  importance  ol'  muscular  contraction  as 
a  caus<;  of  the  first  sountl.' 

By  the  use  of  a  htelhostrojR'  combined  with  a  pocidiar  resonator,  the  Ger- 
man physician  Winirich  of  Erlangen*  s:itistied  himself  that  lie  could  analyze 
the  first  rfound  uptm  ausciilttiiion,  i^-*  as  to  detect  in  it  two  component?;,  one 
higher  pit<'het],  vvliich  iio  attributed  to  the  vibration  of  the  auriculo-ventncuhir 
valves,  and  a  comjwnent  of  lower  pitch,  attribute*!  to  the  niuwcular  contrac* 
tion  of  tiie  heart.  The  other  experiments  above  referred  to,  however,  which 
sustain  muscular  rontraetion  as  a  cause  of  the  first  sound,,  did  not  reveal  a 
cliungt*  of  pitclt  following  incompetence  of  the  valves,  but  only  u  diniiuution 
in  loudness  and  duration. 

Both  the  closure  of  the  cuspid  valves  and  the  contraction  of  the  muscular 
tisHue  of  the  ventricles  are  rejected  by  a  re<'ent  ()l>serv<'r  as  causes  of  the  first 
sound,  which  he  ascribes  to  the  opening  of  the  semilunar  valves.^ 

*  L.  Krelil;  "  Uctwr  rlen  Ilerxmnskelton,"  Archiv  ftir  AnnOmie  untl  Phynininrjie,  PhyBiolo- 
gtsche  AbiheiluRR,  ]KHy,9.  2-');^;  A.  KmH<ni-Bek  :  '*  Ueher  die  Eiitatehtiny  dea  eniteu  Herztones," 
J^Ufftr'i  ArrAir/Ur  die  fjtMwxmie  Fhygiologic,  1890,  Bd.  xlvii.  8.  53. 

*  Winirich:  *' ExperimenUiUludiftn  iilwr  Resi^nanzlww^nn^en  der  Membranen,"  •SVtxNRyji- 
beri^Ue  dn-  phy».-mttl.  Socieiiit  2u  Erhn^en,  1873;  Wintricli :  'Teber  Caiiualion  und  Analyse 
d«r  lientf'l.lnf."  Jhid.,  1876. 

'  H.  Qimiii  "On  the  MecbanUm  hv  which  tike  Firat  Sound  of  the  Heart  i»  I'ruduced," 
rtocudiny  of  ike  Ro^al  Sitciet\j,  vol.  Ixi.  p.  331. 
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K.  The  Frequency  of  the  Cardiac  Cycles.' 
In  a  healthy  fiil]*grown  man,  restinjr  quietly  in  the  Bitting  posture,  the 
beats  on  the  avora^re  about  72  times  a  minute.  In  the  full-grown 
iman  the  average  is  sliglitly  liightT,  perhaps  SO  tn  the  minute.  The  heart 
kx.'al£  less  tretjueutly  iu  tall  people  than  in  slimt  ones.  The  tliftereuce  between 
men  and  women  largely  depends  upon  thi;^,  but  careful  observation  shows  that 
iu  the  case  of  inr»n  and  women  of  the  .same  .stature  the  heart-l>entti  are  slightly 
more  frequent  in  tlie  women.  There  is,  tlierefore,  a  real  diilenmce  as  to  the 
pulse  l>etween  the  sexes.  Shortly  before  and  after  birth  the  heart-Wts  are 
very  frequent,  fi*om  120  to  140  to  the  minute.  During  childin^fxl  and  vouth, 
the  frequency  diminish»»s  gnulually,  the  average  falling  l)olow  100  to  the  min- 
ute at  about  the  sixth  year,  and  below  80  to  the  minute  at  abi)ut  the  eighteenth 
year.  In  exlirme  old  age  the  pulrH'  Ixroomes  slightly  increase<l  in  fR-queuey. 
It  must,  howevL'r,  l>e  iKirne  in  mind  that  there  are  very  wide  ditferences 
between  indivi<luuls  as  to  the  average  frequency  of  the  heart-ljeatrf.  Pulses 
of  40  and  even  iewer  strokes  to  the  minute,  or,  on  the  other  hand,  of  more 
than  100  to  the  niimite,  are  natural  to  9*:>me  liealthy  people. 

In  every  individual  the  fit'(|uciK:y  of  \\w  jHilse  varies  decidedly,  and  may 
vary  very  greatly,  during  each  twenty-four  hours.  It  is  least  during  sleep, 
nnd  less  in  the  lying  than  in  the  sitting  jiostui'e.  Standing  makes  the  heart 
beat  oftener,  tlie  ditt'cixnuv  In-ing  greater  l>etween  standing  and  sjitting  than 
between  sitting  and  lying.  During  muscular  exercise  the  pidse-rate  is  much 
increased,  violent  exen-ise  carrying  it  po?wibly  to  150  or  even  more.  Thernml 
influences  have  a  markeil  effect,  u  hot  l>aLlu  for  instiince,  heightening  the  fre- 
quency of  the  pube  and  a  cold  bath  diminishing  it.  The  taking  of  a  meal 
also  commonly  puts  up  the  frequency.  The  influence  of  emotion  upon  the 
heart' ri  contraction?  is  well  known.  It  may  act  either  to  heighten  the  rate  or 
to  lower  it.  Finally,  the  practising  pliysician  soon  learns  that  the  heart's 
rate  is  more  easily  affected  by  companitivcly  slight  causes,  emotional  or  other- 
wise, in  women,  and  especially  in  chihlreri,  than  in  men — !i  fact  of  some 
im|Mjrtanee  in  iliugnosis. 

The  causes  of  the  differences  referred  to  in  this  section  are  partly  unknown, 
and  ]iartlv  belong  to  the  subject  of  the  regulation  of  the  circulation. 


L,  The  Relations  in  Time  of  the  Main  Events  op  the  Cardiac 

CYOL.E. 

We  have  now  considered  the  effects  producecl  by  the  cardiac  pump;  its 
leral  mode  of  workinjij ;  and  the  actual  fntjuency  of  its  strokes.  We  mi»t 
next  study  certain  important  details  relating  to  the  individuid  str»»kcs  itr  Ixats 
of  the  ventricles  and  of  the  auricles.  For  this  stmly  the  basis  has  already 
been  laid  in  the  s«H'tions  heade<l  "Causes  of  the  Bhtod-flow"  (p.  77),  "  Mode 
of  Working  of  the  Pumping  M e^-haiusm  "  *p.  78),  "The  (■aniiac  Cycle" 
(p.  104),  and  **  Use  and  Imporliince  of  the  Valves"  (p.  108).     These  eectiom 

'TiKe"<t«lt:  /v«Ar6iicA  der  Ph^riologir  lUs  KrrvJnufu,  I^eipxitr.  IS93,  8    25-36;  Vicrordi : 
JkOm  wtd  Taheilen  xvm  Qtbrawdit  fur  Af^iemr.  188«,    ti.  105-109.  269. 
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should  now  l)e  read  agiiiii  in  tlie  rvrder  just  (i;iven.     Details  can  liest  be  dealt 
with  if  we  use,  insti^ad  of  the  more  familiar  woixl  "  beat/*  the  more  technical 

one  *'  cyclt-." 

The  Auricular  Cycle ;  the  Ventricular  Cycle ;  the  Cardiac  Cycle. — 
Each  systole  and  sucx;eediug  diastole  of  the  auricle<  constitute  a  regularly 
recurrinjj;  pair  of  events  which  may  tni!y  l:ie  spoken  of  as  an  "auricular 
cycle ;"  and  so  also  ii  is  exact  to  say  that  the  ventricles  have  their  cycle,  con- 
sisting of  systole  and  succee<ling  diastole.  As  soon,  however,  as  we  strive  for 
clearness,  we  find  that  the  useful  phnisc  "  ciuiliac  cycle"  is  uecessiir'ily  uilti- 
trary  and  im|>erfect.  A  jx-rusal  of  tlio  account  given  on  p.  78  of  the  "  Motle 
of  Working  of  tlic  Pumping  Mechanism"  shows  at  once  that  eacli  auricular 
cycle,  consisting  of  systole  follo\vi.'d  by  diastole,  must  begin  shortly  ixtlon? 
the  corresponding  ventricular  cycle  begins,  and  must  end  shortly  Ijefore  the 
corresponding  ventricular  cycle  ends.  The  putujiing  mechanism  is  sucli  that 
the  auricular  systole  is  completed  just  before  the  ventricular  systole  l)egius. 
The-  phnise  "cardiac  cycle"  implies  a  reference  to  Uuh  auricular  and  ven- 
tricular events;  if  now  we  assume  that  the  beginning  of  the  auricular  sys- 
tole marks  the  Iw^ginning  of  the  cardiac  cycle,  this  must  end  either  with  the 
end  of  the  auricnhir  diastole  or  witli  the  eu<l  of  t!ic  vcntrieulnr  diastole.  In 
the  former  case  the  cardiac  cycle  would  coincide  with  the  auricular  cycle,  but 
would  begin  l)efore  the  end  of  one  ventricnlar  diastole  and  wouhi  end  I)efore 
tlie  end  of  another,  thus  containing  no  one  complete  V4"ntri(*ular  iliastole.  In 
the  second  case,  tiie  canliac  cycle  would  e<jntaiu  one  complete  ventricular  dias- 
tole and  a  fraction  of  another,  and  would  also  contain  two  auricular  sys- 
toles. The  second  case  is  clearly  even  more  objectionable  than  the  first.  The 
cardiac  cycle  had  best  be  defined  as  consistlrig  of  al!  the  events  both  auricular 
and  ventricular  which  wear  during  one  coniplctc  auricular  cycle.  The  above 
discussion  deals  with  a  phrase  which  is  a  constant  stumbling-block  to  stu- 
dcnls  ;  and  (lie  quustinn  may  well  be  asked,  Why  should  the  expressiim 
**(niniiac  cycle"  not  b<'  abolished?  The  answer  is,  that  this  phrase  is  indis- 
pensalde  in  onler  to  accentuate  certain  important  relations  of  the  auricular 
cycle  to  the  ventricular.  T>riring  a  lienrt-l>cnt  there  is  a  pcriixl  when  the 
auricles  and  ventricles  are  in  diastole  at  the  same  time.  During  this  pcrio<l, 
as  we  have  seeu,  blood  is  i)assiiig  from  the  veins  directly  through  the  auricles 
into  the  ventricles,  and  all  the  mns^-ular  fibres  of  the  heart  an?  resting.  This 
pcriixl  is  therefore  cidlcd  that  ol'  '^tlie  rcpcise  of  the  whole  heart,"  or  the 
**  pause."  Whenever  the  heart  is  not  wholly  at  rest,  either  auricles  or  ven- 
tricles must  be  in  systole.  We  see.  therefore,  that  each  cardiac  cycle  must 
coincide  with  nn  auricular  svstole,  the  instandy  succeeding  ventricular  systole, 
and  a  peritwl  of  repose  of  the  whole  heart  ;  and  it  is  precisely  these  two 
systoles  and  the  sncceetling  universal  rest  which  most  engage  the  attention 
wdicn  the  l>eating  h<^rt  is  looked  at  in  the  opened  chest.  These  three 
phenomena,  it  wdl  Ix;  noted,  exactly  coincide  with  one  complete  auricular 
cycle,  and  so  do  not  oonfuse  the  definition  of  the  cardiac  cycle  which  has  been 
given  already.     We  see,  therefore,  that  the  phrase  which  seemed  at  first  so- 
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nii*^1eflding  ha«)  a  real  value,  and  will  cea^e  to  confuse  if  its  limitations  be  care- 
fully noteil. 

The  Brevity  and  Variability  of  Each  Cycle. — From  the  froqnenrv  with 
wlil<'!i  (lie  cycles  recur,  it  follows  at  om-e  that  each  one,  with  its  c\>n»plex 
change.s  in  the  walls,  cbatubers,  and  valves,  is  very  rapidly  [^rformed.  If,  for 
instance,  the  heart  Wt  72  times  in  one  minute,  each  cycle  uccui)ies  only  a 
litde  more  than  0.8^5  t»f  a  srcoixl.  The  Ur>'vi(y  of  each  cycle  is  l><)th  an  im- 
portant physiological  fact  and  a  cau!^'  of  ditliculty  in  studying  details.  Each 
cj'cic,  however,  nece-i.^arily  is  ca|>able  of  cornphHion  in  mucii  Ivss  time  if  the 
pulse-rale  rise  ;  for  instance,  during  exercise.  If  repeated  144  times  a  minute 
instead  of  72  times,  each  cycle  would  occupy  only  one-half  of  its  previous 
tirjie  of  completion.  With  a  pulse  of  less  than  60,  again,  each  cycle  would 
occupv   over  one  SL-eond. 

Relative  Leng-tha  of  the  Ventricular  Systole  and  Diastole. — An  im- 
portant question  is  whether  or  no  tJiero  is  any  fixed  relation  l>etween  the  time 
rwjuirvil  for  a  systole  of  the  ventricle-i  and  the  time  rei^|niro<l  for  a  diastole. 
When  the  length  <>!'  the  cycle  cliangeii  from  one  seanid  U\  i>nc-hnlf  a  s^n^md, 
will  the  length  of  the  systole  be  diminishe<l  by  one-half,  and  that  of  tlie  dias- 
tole also  by  4i!ie-ljalf?  Or  is  a  nearly  invariable  time  refjuiivd  for  the  ventri- 
cles lo  do  ihrir  work  of  ejection,  while  the  iktioiI  oi'  rest  and  of  receiving  bhnid 
can  be  greatly  shorteuetl,  for  a  while  at  least?  The  answer  is  that,  while  both 
systole  and  diastole  may  vary  in  lenglli,  the  length  of  the  systole  is  much  the 
less  variable,  while  the  diastole  is  greatly  shortened  or  lengthened  acconling  as 
the  heart  beats  often  or  seblom. 

These  facts  have  been  ascertained  as  follows:  A  trained  observer*  nuscul- 
tated  the  s<mnds  of  the  human  lu^irt  during  a  number  of  cycles,  and,  at  the 
instant  when  lie  heard  the  Ijcginning  either  of  the  first  or  of  the  secomi  sound, 
made  a  mark  upon  IJie  revolving  drum  tif  u  kynmgniph  by  mejias  of  a  sig- 
nalling apparatus.  Of  course,  (•areful  account  was  tiiken  of  the  time  lost 
between  the  cKVurrence  of  a  sound  and  the  recording  of  it.  It  was  found 
that  the  time  between  the  beginning  of  the  first  and  that  of  the  second 
sound  did  not  vary  to  the  same  degree  as  the  fre(|uency  of  the  l»cats. 
Although  the  interval  in  question  may  not  be  an  exact  measure  of  the 
periixl  of  ventricular  systole,  it  is  sufli<'i<'ntly  near  it  for  the  purposes  of  this 
obsiTvation. 

A  secfmd  tueibcKl  '  de|H*n<led  upiai  the  interpretation  of  the  curve  inscribed 
by  a  lever  pressed  upon  tlie  skin  over  a  pulsating  human  artery.  Such  a  curve 
exhibits  two  siid<Ii'u  changes  of  din?ction,  which  were  taken  to  indicate  approxi- 
mately the  lx"uinning  an«l  end  of  the  injection  of  blood  by  the  ventricle,  and, 
therefore,  to  atlord  a  rt)U^rh  measure  of  the  duration  of  its  systole.  While  the 
interpretation  of  the  curve  in  question  is  not  wholly  settle<l,  it  seems,  nevcrthe- 

'  F.  C.  Dondera:  *' Pe  Rhytliniutf  Her  HurtnlooncD,**  NedtrUmdi^  Arthief  rwir  Gentat-  en 
SatuurkunHf^  l8«->,  p.  141. 

■  E.  Thuprton :  "  Tlie  Ixingth  nf  the  BtrIoIc  of  the  Heart  as  Fil&tiniatcd  from  SphT^nin^ni|>hic 
TncingA,'*  Journal  »/  Anatomy  ami  Iltynohgjf,  1876,  vol.  x.  |^  4U4. 
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less,  to  give  a  fair  haeis  for  conclusions  as  to  the  presoDt  question.  Tlie  figui'es 
resulting  from  the  st'tvind  metlind  iire  I'sptriallv  iiisductiv**.  It  was  fuiiiul  that, 
with  a  pulse  of  47  to  the  niiuutf,  the  uppnixiiimtt'  Jpiij^th  of  the  ventricular 
systole  was  0.347  of  a  second  ;  of  the  diastole,  0,930  of  a  set-oml.  With  a 
pulise  of  128  to  the  minute,  while  the  jjystole  was  only  nioderately  diniinished, 
viz.  to  0.256  of  a  second,  the  diastole  wns  redueed  to  0.213  of  a  sceond — nn 
enormous  deoline. 

These  results  upon  the  human  subject  have  been  confinnetl  upon  aniniala 
by  experinioiits  in  wliifh  weiN?  re^;isterH<l  the  movements  of  a  Iuvlm*  laid  acrosH 
the  expose<i  lieurt;'  or  the  Iluetuation.s  of  tlu*  pn'.->uro.s  within  the  Vi'utricles." 

By  whatever  means  investigated,  the  veatrieuhir  systole  is  found  to  l>e 
shortened  witli  tl»e  (.•ycle,  and  to  be  lengthened  with  it ;  the  diastole  is  short- 
etuwl  or  k'u^tlifned  nmeh  tiioru,  however.  In  iin;l,  if  tiie  pnlso  bee(mie  very 
fi*equent,  the  diastole  may  be  si.>  bhortened  that  the  "  pause "  nearly  di.s:ij>- 
pears,  and  the  systole  of  the  auricles  follnws  spetdily  after  tlie  o|>ening  of 
the  cuspid  valves.  This  signifies  that,  for  a  time,  the  cardiac  musele  can  do 
with  very  little  rest,  and  that  eflfeetive  means  exist  for  a  verj'  rapid  "charg- 
ing" of  the  ventrieuhir  cavity  when  necessary.  For  the  working  period  of 
the  ventricle,  however,  a  more  uniform  time  is  required.  For  the  average 
human  puLsc-rate  this  time  of  work  ift  decidedly  shorter  than  the  time  of 
rest — viz.  about  0.3  of  a  second  for  the  former  as  against  about  0.5  for  the 
latter. 

Lenglihs  of  Auricular  Events  and  of  the  Pause. — The  systole  of  the 
auricles  is  very  brief,  iK'iag  commonly  reckonwl  at  about  0.1  of  a  second,  as 
the  I'esult  of  various  observation;^.'  At  the  average  pnlhc-rate,  therefoi*e,  the 
auricular  systole  is  only  about  one-third  as  long  as  \\w  veutricularj  and  the 
length  of  the  auricular  diastole  is  to  that  of  the  venti'icular  as  seven  to  ftve. 
Consequently,  a  cardiac  cycle  of  0.8  \ji  a  second  would  comjuise  an  auricular 
systole  of  0.1  of  a  second;  a  ventricular  systole  of  0.3  of  a  second;  and  a 
pause^  or  repose  of  the  whole  heart,  of  0.4  of  a  second — oue-lialf  of  the  cycle. 

Practical  Application. — The  obscrvutions  aliove  descrilx^l  tij)on  the  inter- 
val hetween  the  beginnings  of  the  sounds  have  a  pmctieal  Ix'ining  upon  phvsical 
diagnosis;  for  they  show  how  faulty  arc  the  statements  often  made  which 
assign  regular  proportions  to  the  lengths  of  tlie  sounds  and  the  silences  of  the 
heart.  The  length  of  the  "sec^and  silence"  must  be  verv  fluctnatinjj,  as  it 
comprises  the  longer  |>art  of  the  ihictuatiog  ventricular  diaMole.  The  length 
of  die  first  sound  and  of  the  very  brief  first  silence  together  must  be  very  con- 
stant, as  they  nearly  coincide  with  the  ventricular  systole. 

*  N.  Baxt:  "  Die  Verkiirzung  <ler  Syalolenzeil  durch  den  Nemis  acoelerans  cordis,"  Archiv 
jSr  Auatomte  umi  PhyxvAogif-^  Physiologiitche  Abtheilui}({,  I87S,  8. 12-. 

*  M.  voQ  Frey  mid  L.  Krehl :  *'  UnieKUcliungeD  Xxhav  den  PuU."  Amkiv  fAr  vlna/omiV  umi 
Phi/fioloijit,  F)iysiolog;iftohe  Abtheilung,  1890,  3.  31.  W.  T.  I'orttr :  '*  Kesearclies  un  tlie  Filling 
of  the  Heart,"  JoumtU  of  Phtjsiolofpj,  1892,  vol.  riii.  p.  .531. 

'  H-  Vierordl:  Datcn  urul  Tabeilen  sum  Gthrauche  Jur  Me*1innn\  18S8,  S.  105 
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M.    The  Prbssures  within  the  Ventricles.' 
We  must  now  approach  the  study  of  further  details  of  the  working  of  the 
r<*ntririilnr  pinnps,  whifli  dotuils  dt'jK^nd  for  tlieir  ehicidation  upon  the  measiir- 
inj^  and  reconlinjj^  of  tliL'  prt-sstirrs  within  the  ventricles. 

Absolute  Ranere  of  Pressure  within  the  Ventricles  and  its  Bigrnifl- 
cance. — In  dealing  with  the  work  done  bv  the  contrjcting  ventricles  (p.  U>6) 
we  have  seen  that  the  nien-iirial  nianonjeter,  fl.«  use<i  for  stndving  tlic  pi-essiire 
within  ihe  arieriec?,  is  fpiite  ininl*Ie  to  follow  the  change*  of  the  Intra-ventrii'- 
(ilar  pressure;  but  that,  Uv  the  intercalation  of  a  valve,  this  instrument  (un  l)e 
ixinvprted  into  a  ii«<'llil  "  tnaximniu  inanoinetor*'  forthe  measuring  and  record- 
ing of  the  highest  pressure  oceiuriiig  within  the  ventricle  during  a  given  time 
—that  is,  during  a  certain  number  of  cycles.  It  must  now  be  added  lliat  by  a 
simple  change  of  valves  tliis  siinie  instrument  can  at  any  moment  he  elmnged 
into  a  **  minimum  nmiKmieter.*'*  We  can  thiLs,  by  means  of  llie  nuKliiied  mer- 
curial manometer,  learn  with  fair  correctness  the  extreme  range  of  pn><Hure 
within  the  ventricle?.  As  instances  of  the  extent  of  this  range,  two  observa- 
tions may  Ijc  cited  upon  the  left  ventricle  of  the  dog,  the  chest  not  having  lieen 
opened.  In  one  aninml  ihe  maxiniuiii  wa?*  found  to  l»e  234  millinn-u*rsof  mer- 
cury, the  maximum  pre:*sure  in  the  aorta  being  212  millimeters;  and  the  min- 
imum in  tlie  let!  ventricle  was  —38  millimetei*s — that  is  to  siiy,  38  millimeters 
le?i*  tliun  tlie  pri-j^iuv  of  ihe  atmosphei^e,  llie  minimum  pressure  in  the  aorta 

'  Tli«  nifttten  conuei:ieil  with  the  ventricuhr  |>re«)iinv-ciirvt:  mmy  bvst  be  Bltidied  in  ihe  fol- 
lowing wrilinps  in  whirh  citntinnM  of  other  pa{>ent  may  \tv  found  K.  ItiirthiCt  in  Pjlu(jrr'a 
Arthir  fUr  die  ycMimmfe  PhytaMogiey  as  follows:  "  Zur  Technik  Her  Unlei^iieluing  des  Uliil- 
dnirkc*/'  1888,  Bd.  43,  8.  ;t99.  "Tcchnische  MiUheiliingen,"  I8<H),  Bd.  47,8.  1.  "  IVber 
den  rrspningsort  der  sekundiren  Wellen  der  Ihilscnrvt*,"  RjI.  IT,  S.  17.  "Terliiiiwlie  Mii- 
thriliingen,"  IS^'I,  IW. -Ifl,  S.  *29.  "  TelM-r  deii  Ziisiinirncnhnni:  zwischvu  llurzthiili^licit  iind 
l*id5form."  lid.  19,  S.  ."il.  "  Kntik  des  l,iifttransniis«iun^verfahn.'n»,"  lKy2,  Bd.  oil,  S.  '281. 
••  Vergleicliendc  iVOfung  der  Tonrtjfraplu'n  von  Krcy's  iind  Hurthle'V  I803»  Bti.  55.  S.  319. 
.1.  A.  T^hnewsky  :  "  Vergleiohendi-  Rcstininiiitig  der  Antraben  dettQiiccknilber— und  dc*  I'eder^ 
MammieUTs  in  Bvziijl;  atifdin  itiittli^rt'n  ftliildrurk."  !*Hiiyrr4  Arehiv  fiirHir  ^mttmmic  PhxjMit>ii»fKt 
IKUH.  Bd.  Ixxii.  S.  5.V»,  "Totliiii.-*che  Mittht-ihingen."  iw.,  1898,  lU  Ixxij.S.  ^6.  K.  Hunhle: 
"  (»ricntJrunKbversue)ifi  ntuT  die  Wirkung  des  Oxysp:trU'in  auf  da«  Hcpz,  Arckivjur  ejjfrimmUitt 
htth'^,*tjie  nnH  Ifianiuthjio^fir,  1892,  Bd.  xxx.  S.  HI.  W.  T.  Porter:  '*ReseBrclim  f>n  the 
rilling  of  the  Heart."  Thr.  Joitntnl  ^  Vh/nf4itr,ij,  1892,  rol.  xiii.  p.  513.  *'  A  New  Method  f«r 
the  Study  of  the  IntrnrBrdiac  Pressure  Curve,"  Jo\tmoi  of  Erprrimfninl  Afrdirinr,  lH9fi.  vol.  i.. 
No.  2  M.  von  Krey  und  L.  Krchl :  "  Unten!iuchiinf(en  Uber  den  Puis,"  Arehivfur  AnnOnnU  uml 
PAy«i>/»^V,  Phybinh»ffische  AblheiUinK.  1800.  S.  31.  M.  von  l"n*y  :  "llie  I'tileniiKhunK  des 
Piilw!*/'  Berlin,  IM9:i.  "  Va*  Plateau  de«  Kainmerpnlhe»i."  Arrhir  f\\r  AwiiumU  nnd  I'hptoinfjie^ 
Phywolocische  Abthcihini;.  l'*9:i,  S.  1.  *♦  Die  Krminlnng  abwihiler  Werlhe  ffir  die  I^eistimg 
vtm  l*uh«c-hreibiTii,*'  Arrhir  fn*-  Aimtotnie  nml  Phyniuotjir,  Physiolo^i.wbe  AhthciliinR,  1893,  ^. 
17.  "  Zur  Thet.ric  der  Liifttimo]^rniphen,"  Arthir  fur  Annittmtt  unit  /'A^nWof/iV,  Phyniolofosehe 
AUheihinnc,  Mfl3.  S,  204.  "  Oie  Krwarnninur  der  Ltift  in  Toni>gniphen.'*  fMtniihJnft  fur  Phuf 
tntntjif  vom  .SO  Jnni,  1S94,  Uefl  7.  f).  Frank:  *' Kin  ei|terinieii!ellc«  Hilfrmittel  fiir  Kim- 
Krilik  der  Kamnieninicknirven,"  Zeitttkrtft  fiir  lUnlo,/u,  1897.  Bd.  xxxv.  H  478.  K.  K«l»- 
hre«-ht:  "  Kechenhe*  cardioKntpliitpif*  rhe»  lew  tHwoiix,"  Arthiif*  dr  UinitHjif^  181*8,  l  xv.  p. 
<»47.     J.  Wnrnijx  :   "  l»ii  Irac^  myojrraphiqMc  liue  iinir  ex^anjfiie,"  /friV/.,  1S98,  t.  xv.  p.  C»ll. 

'  F.  Ooln  urni  J.  <;aule:  "  lelwr  die  hniekvr-rhiillnime  iin  Innem  d«  UentenV  fitiufrr't 
AreAir  JHI- dU  f^fMtmmlr  Ph%,niUiHjir^  187H,  xvii.  S.  I(K>. 
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l>eing  120  millimeters.  In  a  second  dog  the  figures  were  176  aud  —30  milli- 
meters for  tlie  ventricle,  the  aortic  range  being  from  16S  to  112  millimeters.* 
Ill  die  ri^ht  veiitriele  of  tlii'  doj^r  h,k-]i  nuiges  as  from  26  Jo  -K  millimeters, 
fVuui  72  to  —25,  aud  varioits  intermediate  values,  have  bt^'u  noteti,  both  in 
tlio  unopened  and  the  opened  chest.'  For  i-easons  already  stated  (p.  103)  no 
trustworthy  Hgui-es  can  Iw  given  for  the  pre.ssnres  in  the  pnliuonary  artery ; 
but  they  can  never  fail  to  be  less  than  tlie  highest  pressures  wjtliin  the  right 
ventricle. 

The  range  of  pressure,  therefore,  within  either  ventricle  is  in  sharp  contrast 
to  that  within  the  artery  which  it  supplies  with  bhHKJ ;  for  the  arterial  pressure, 
altljougli  it  fluctuates,  is  at  all  times  far  above  that  of  the  alnjosphcie,  and  ia 
able,  as  we  have  seen,  to  maintain  the  circulation  while  tlic  semilunar  valve  is 
cK)sed  and  the  ventricular  tnusele  is  at  rest.  On  the  otJier  liand^  the  pressure 
within  tiie  ventricle,  when  at  its  liigiiest,  rises  decide<lly  above  the  highest 
arterial  pressure,  aud  thus  the  ventricle  can  overcome  this  and  other  opposing 
forces,  oj)en  t!ie  valve,  and  exjiel  the  blood.  These  facts  have  ^K^eu  stated 
already.  In  falling,  however,  the  pressure  within  the  ventricle  not  only  sinks 
below  that  in  the  artery,  and  so  permits  the  semilunar  valve  to  close,  but 
swt-eps  downward  to  a  |>oint,  it  may  1m?,  below  the  procure  of  tite  atmos[>here, 
and,  in  so  doijig,  falls  Wow  the  pi-esauro  in  the  auricle,  ;md  jjcrmils  the  ojien- 
ing  of  (he  auriculo-ventrir'ular  valve  aud  the  entrance  of  blood  out  of  the 
auricle  and  the  veins.  As  such  a  great  range  of  pressure  occurs  in  either 
ventricle  of  a  heart  which  is  reiwiiling  its  cycles  with  entire  regularity,  it  ia 
presumable  that  at  every  cvcle  the  pressure  not  ordy  rises  aljove  that  in  the 
arteries  hut  may  sink  below  that  ol*  the  atmosphere. 

Methods  of  Recording"  the  Course  of  the  Ventricular  Pressure. — It 
now  becomes  of  interojist  to  ascertain,  if  ptHsible,  not  ouly  tlie  rangc^  but  the 
exact  course,  of  these  swift  variations  of  pressure;  tlie  causes  of  them,  and  the 
effects  which  accompany  tliem.  It  is  hai*d  to  obtain,  by  the  graphic  method,  a 
correct  curve  of  the  pressure  within  either  ventricle.  We  have  seen  tliat  the 
mercurial  manometer  is  useless  for  this  purpose ;  and  it  is  very  difficult  to 
devise  any  self-registering  manometer  which  shall  truly  keej*  [mce  with  fluctu- 
ations at  once  so  great  and  so  rapid.  The  true  form  of  this  pressui-e-curve, 
therefore,  still  is  partially  in  doubt,  and  is  the  subject  of  controversies  which 
largtOv  resolve  themselves  int4)  (contests  between  rival  instruments.  The 
following  characters  are  common  to  the  manometers  with  which  the  most 
serious  attempts  have  lately  been  made  to  oljtain  a  true  and  minute  record  of 
the  flnt^tiiations  of  pressure,  oven  if  great  and  rapid,  within  the  heart  or  the 
vessels  (see  Fig.  21).  As  in  the  <'ase  of  llie  mercurial  manometer,  a  cannula, 
ojK'u  at  the  end  and  charged  with  a  fluid  which  checks  the  coagulation  of  the 
blood,  is  tied  into  a  vessel,  or,  if  the  heart  is  under  observation,  is  passed  down 
into  it  throngh  an  ojK'uing  in  a  jugular  vein  or  a  i^rotid  arterj'.     If  the  chest 

*  S.  de  Jo^r:  *'  Ueber  die  Saugkraft  des  Kerxeiu,"  Pjiiigtr'%  Arckiv  fur  die  gtaammU  Phyn^ 
o/of/»e,  1883.  Bd.  xxx'i.  S.  491. 

*8.  de  Jager:  toe.  eit^  S.  rm,  507 ;  GolU  und  GauU:  Loc  eii,,  S.  106. 
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have  bocn  opcucd,  llie  cunnulu  may  al.-^o  be  {»a6.sed  ioto  the  heart  through  a  small 
wound  ID  an  aiiriflc  or  even  through  the%vall!?  ol' the  veutriokitiself.  The  end 
of  the  cannula  wlitt^li  ri^maius  without  (he  auinuil'?i  bo<ly  is  rounerh^J,  air-tij;ht, 
with  a  rigid  tube  of  small,  ejirelnliy  ehiiseu  oilibre,  and  as  short  as  the  i-ondi- 
lions  of  the  ex))eriiuent  (>crmii.  Tlie  other  end  of  this  tube  is  not,  as  in  the 
meivurial  niationieter,  \eA\  as  au  o|mmi  mouth,  but  is  eonueoted,  air-tiglit,  with 
a  ver)'  small  metallic  chamber,  whi(rh  eonstitutt^,  jiractiially,  a  dilated  blind 
(extremity  of  the  nystem  formetl  by  the  tube  and  the  i-nnuuiu  ti^ether.  The 
roof  of  tiiis  small  metallic  ehamber  is  a  hii^hly  ehistic  disk  either  of  thin  metal 
or  of  india-rublxT.  Except  for  this  small  disk,  all  parts  of  the  eliauil>cr,  ttibc, 
aud  ninnutu  are  ri*^id.  lu  ihe  iut*trumeutsof  some  observers,  the  entire  i-avity 
of  the  system  formed  by  the  ehamber,  tube,  and  t^uinula  Is  tilled  with  liquid, 
viz.  the  solution  which  checks  coagulation.     Other  observers  introduce  this 


Tta.  21.— DlAfnira  of  tb«  ^lutlc  m«noincter :  A,  anrlcle ;  V,  ventricle :  D,  dnim  of  Ihe  kymoffmpli, 
nvolvliur  In  thu  direction  of  tbu  urrow,  and  covered  with  imoked  paper;  L,  recordlug  l«vcr  In  conuel 
with  the  rvvulvinir  dnim.    (Tho  working  dctalli  of  Ihe  Instrument  are  luppresBcd  for  the  sake  of  clear- 

liquid  only  into  the  portion  of  the  Hyatem  nearest  the  blcKxl ;  the  terminal 
chamlxT.  and  most  of  the  rust  of  the  system,  containing  only  air.  In  every 
case  the  blood  in  the  vessiel  or  in  the  heart  is  in  fi'ee  L-omronnicatiou,  through 
the  mouth  of  the  tied-in  cannula,  with  the  cavity  common  to  the  tul>cs  aud 
to  the  terminal  ehainl>er.  At  every  rise  of  bloixi-prerwure  a  little  blood  entens 
this  cavity,  rcM>m  l>eiug  made  for  it  by  a  displacement  of  li(|uid  or  of  air, 
which  in  turn  trauses  a  slight  bulging  of  tlie  elastic  disk.  At  every  fall  of 
blotHl-pressiire  a  little  IiUkh}  mixed  with  liquid  leaves  the  tulkes  as  the  elastic 
disk  recoils.  If  the  disk  is  of  tlie  right  elasticity,  its  rise  and  fall  are  directly 
proportional  to  the  rise  and  fall  of  the  blotxJ-pressure,  and  can  be  used  to 
measure  it.  With  the  centre  of  the  disk  is  connected  a  delicate  levec  which 
rises  and  falls  with  the  disk.  Tim  [Miint  of  this  lever  tnices  upon  the 
revolving  drum  of  the  kymogniph  a  curve  which  nvonls  the  fluotnati<»ns 
of  the  disk  and  therefore  Uiose  of  the  blood-pressure.  The  elastic  difik 
and  the  contents,  together,  of  such  an  apparatus  po^si-ss  less  inertia  than  mer- 
cury, and  therefore  follow  far  more  closely  rapid  fluctuations  of  pressure. 
Such  instruments  maybe  called  "elastic  manometers,*'  and  are  oAcn  called 
** tonographs,"  i.  e.  "tension-writers."     They  are  of  several  forms. 
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It  liti.^  Im^ti  iiulicatwl  alrwwly  that  the  pressure  of  the  ItluoJ  may  he 
commuuieatcfl  to  tlie  disk  of  an  elastic  mauometer  either  Uy  means  of 
lujiiul  or  \%£  air.  A  given  series  of  flin'tuationi^  of  hlood-pressiire  mny  yield 
docidi'dly  dilli'iviit  curves  a<fon!ing  to  the  tiu'tlnMl  of  ^'  IninsmisHion  "  ern|ilnyed 
to  obtaiii  them ;  and  tiie  controversies  as  to  the  .true  form  of  the  endocardiar 
pressure-trnoe  turn  upon  tlie  question  whether  nnrh  '*  trnn«imission  hy  air"  or 
"transmission  by  liquid '■  yiehl  the  truer  curve.  The  nhjeetions  to  the  former 
method  depend  u|Kin  the  readier  eompreA-^ibility  of  air;  the  objections  to  trans- 
mif<8ion  by  liquid  dr-pi.'ud  u]H)n  its  greater  ineilia. 

The  General  Characters  of  the  Ventricular  Pressure-curve. — What- 
ever   kind    of  elastic*    manometer   and    of  li-ansmission    be   used,   the   curve 

Hiliimeterit  (jf 
mercury, 

'\'U  0/  atinoapheric 
prrssnre, 

Kto.  22.— Mnpnitifil  fiirvi'  of  ilii*  ciMir.-L'  --f  priv-urc  ivitliln  the  ri^Iit  wntricle  of  Ihc  dojr.  the  chest 
beiliv  "IK^ii ;  to  be  read  from  \yitl  to  rigtiL  Kvcoriled  by  ihu  ulabtie  mftnomeler,  wltli  irncuiiuUilun  by  air 
(vou  Krey). 


obtained  shows  eertjiiu  ehanicters  whith  are  reeojrnized  by  all  as  properly 
belonging  to  the  (^hange-s  of  pnrs'^ure  within  the  ventric^le,  whether  riglit  or 
left.  Tliesc  genenil  cbanirters,  moR'over,  persist  after  the  opening  of  the 
chest.  They  are  as  follows  (see  Figs.  22,  23,  24) :  The  muscular  con- 
traction of  the  systole  begins  quite  suddenly,  an*!  prmlnces  a  swift  and  ex- 


Liw  tif  almoapherife 


Tig.  '.3.— MnjnilfiefJ  rurvc  of  tliv  cmr^t'  of  pntiptirv  tvithin  On-  left  vcntricU-  nnd  the  aorlii  of  the 
d<iK.  the  t'hest  I't'iiiir  niK'n  :  to  l»e  read  frtun  h-O  tu  rltthl.  Rfcordi-d  KinmltiinriiiKiIy  by  two  elaflic  inmi- 
omctcni  with  trauMnitisfoi)  t<y  liquid.  In  V>oth  ('iirvL>!<  the  ordlnnt^'t  huvln^f  thr  Mime  numbers  ha\-c  the 
fbllowlnfcnicanliiG;:  I.  iht-  insuini  precedluK  tht-  ohwlnKuf  the  mltml  valve:  7,  the  npt^'iUne  of  the  semi- 
lunar vttlve:  3,  the  be^dim'nK  of  Ihi;  "dii'rt)lir  wave,"  re^arrit'd  a*  marking;  the  iiuntant  of  closure  *>i  the 
semilunar  valve :  4.  the  insunt  preeedluv  Ibe  opvniug  of  the  mitral  valve  (Porter!. 

tensive  rise  of  pressure,  marked  In  the  curve  by  a  line  bat  slightly  inclined 
from  the  vertical.  In  the  sanio  way  the  fall  <if  pressure  is  nearly  as  sudden 
and  as  nwift  as  the  riw,  and  perhaps  even  muvG  txtenHive.  The  sj-'atolic  rise 
begins  at  a  pressure  a  little  above  that  of  the  atmosphere;  the  diastolic  fall 
continues,  towanl  its  end,  jterhaps,  with  diminishing  rapidity,  till  a  point  i& 


4 


CIRCULATION. 


129 


rearhetl  often  below  the  pre«8ure  of  the  atmosphere.  Th<!  pressure  then 
rises,  perba{>s  euiitiuiiiu^  negutive  for  a  longer  or  Hhorter  time,  but  pnwently 
becoming  equal  to  that  of  ihe  atmosphere.  NViir  tliis  it  etiiitinues,  |>erhfip9 
with  a  g(*ntle  upward  letnleney,  until,  near  the  end  of  the  ventricular  dinstoU?, 
the  rise  becomes  more  nipid  to  the  ixniit  at  which  tlie  suwxxHling  ventricular 
systole  is  to  Ijepin. 

It  is  the  course  of  the  pressure  l>etween  its  rapid  rise  and  Its  rapid  fall  which 
has  l>een  the  most  dispnte<l.  The  observers  who  employ  manometers  with  liquid 
trdii^misgion,  have  8o  far  found  tlmt  ttic  high  8wif\  rise  at  the  outlet  of  the 
g\*8tole  i*!i  ^M)x\  8uecee<:le<l  by  a  stiddfn  clianire.  According  Ut  them  the  pre^^ure 
within  the  manometer  now  exhibits  diictuatiouH  of  greater  or  less  extent  which 
are  due,  partly  at  Iwist,  to  the  inertia  of  the  trausmitting  liquid  ;  but,  %vith  due 
allowance  "made  (or  ibe^e,  the  cardiac  pressure  i.^  seen  to  uiuiutain  itM-If  at  a 
high  point  ihroiighuut  most  of  the  sy.«lole  until  the  nipid  full  Ix-gin*.  During 
this  period  of  high  pressure,  the  height  about  which  the  fluctuations  occur  may 
remain  ueariy  the  &ame;  or  this  height  may  gradually  in*  rca-^e,  or  gimluully 
decrease,  up  to  the  beginning  of  the  rapid  fall.  As  is  .^howu  by  Fignrc  2."5, 
this  course  of  the  syHtolie  pre^ure  causes  its  curve  to  bend  alternately  down- 
ward and  upward  l>etwe<'n  the  end  of  its  gresitcKt  riwe  an<l  the  b<*gin!ung  of  its 
greatest  iiill ;  but  between  these  two  piints  the  general  dirwrtion  of  llu;  curve 
iches  the  horizontal,  ami  therefore  entitles  thin  [Mjrtion  of  it  to  tlic  name 


Miltimfifrf  of 

III  r  re  It  ry. 


Line  of  atmotpheric 
presMure. 


Tentkit  of  It  ttcond. 

Tict.  Z1.— Mai^nlfli'd  purvt-  of  Ihc  cuune  of  prrwurf  within  Ihe  left  ventricle  uf  tht-  dog,  Uie  cbuai 
being  open;  t<i  Ik-  rt-ail  fWmi  left  lo  rlnht.  Ke^o^^•«I  hy  the  •■!n^Ur  munnmrtcr  with  tmnninlMlon  hy  air. 
The  onUoAtei  b&ve  the  followlnfr  meaning:  1,  the  clii«urc  of  the  mitral  valve;  2,  the  oiienln^of  ihoteml- 
lltnar  va]r« ;  3,  the  cluaure  uf  Ihe  KinUuDar  valve ;  4.  the  upeoiug  of  the  mitral  valve  (von  PrvjrI- 

of  the  "systolic  plateau,"  a  name  which  becomes  more  truly  descriptive  when 
appropriate  means  are  taken  to  eliminate  the  Huctuationj*  <iue  to  inertia.  The 
best  of  the  manometers  with  air  transmi^Hion  yieliLs  a  curve  of  the  pressure 
within  the  ventricle  which  presents  a  different  picture  (Figs.  22  and  2-1). 
The  steeply  rising  line  may  iltrninish  its  steepness  somewhat  as  it  ascends, 
but  its  rapid  turn  at  the  highest  [>oint  of  the  curve  is  sucx>etHle<i  bv  no  plateau. 
The  line  simply  describes  a  single  peak,  and  begins  the  descent  which  marks 
the  rapid  fall  of  pressure  recognized  by  all  observers.     In  these  peaked  curves 
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this  descent  is  often  steepest  in  its  middle  part.  Such  a  peaked  curve  would 
indicate,  of  course,  thnt  there  is  no  such  thing  as  the  inaintentnicc,  during  any 
large  part  <»f  the  Hyntc^Itj  of  the  ventricles,  of  a  varying  but  hi^h  pressiiro. 
The  experienced  observer  who  is  the  chief  defender  of  the  peaked  curve  holds 
the  plateau  to  be  a  product  either  of  tmi  tnncli  friction  within  the  manometer 
tubes,  or  of  a  faulty  position  of  th<^  raiiuula  within  (he  heart,  whereby  com- 
muuicatiitn  with  the  iiiamnueter  is,  fur  a  time,  cut  i\\\\  The  able  and  more 
numerous  adherents  of  the  plateau,  on  the  other  hand,  attrilnite  the  failure 
to  obtnin  it  to  the  slu^i^ishnosH  of  the  iiistnunent  emploved,  or  U*  an  abnor- 
mal condition  of  the  heart.  Recent  conipurutive  tests  of  elastic  maiionieters, 
and  other  studies,  would  seem  to  show  that  the  curves  obtained  by  liquid 
transmission,  and  which  exiiibit  the  plateau,  afford  a  triu-r  jjicturc  of  the 
genend  course  of  the  pressure  within  the  ventricles  than  the  peaked  curves 
written  by  means  of  air. 

The  Ventricular  Pressure-curve  and  the  Auricular  Systole. — It  is 
striking  Icjitimoiiy  to  the  smoothness  of  working  of  the  cardiac  mechanism, 
that  the  curve  of  iutra-veutricular  pressure  rai'cly  gives  any  (flear  inthciition  of 
the  begiuuing  or  end  of  the  auricular  systole.  This  event  may  be  expected  to 
increase  the  pressure  within  the  ventricles;  and,  in  the  curve,  the  very  gentle 
rise  which  ctiiricidtss  witii  the  latter  and  loiigtr  part  i>f  ihu  ventricular  diastole 
passes  into  the  steep  ascent  of  tlie  commencing  ventriculai'  systole  by  a 
rounded  sweep,  wliich  indicates  a  more  rapidly  hejglitenwl  pressui-e  witJiin 
the  venLi'icle  during  the  auricular  systole.  As  a  rule,  no  anglu  reveals  au 
instantane<3us  change  (>f  rate  to  show  the  beginning  or  end  of  tlie  iujectiou  of 
blar>d  hy  the  contractinu:  auricle  (.see  Fii^s.  22,  23,  24).  Ocrasionally,  how- 
ever, a  slight  "  presystolic"  fluctuation  of  the  curve  may  seem  to  mark  the 
auricular  systole.^ 

The  Ventricular  Pressure-curve  and  the  Valve-play. — It  is  also 
exceetlingly  striking  that  n'»  curve,  whether  it  be  pointed  or  show  the  sys- 
tolic plateau,  gives  a  tdeiir  indication  nf  the  instant  nf  the  closing  or  open- 
ing of  either  valve,  anriculo-ventricular  or  arterial  {see  Figs.  22,  23,  24). 
These  instants,  so  important  for  the  significance  of  the  curve,  can,  however, 
be  marked  upon  it  after  they  have  i>een  ascertained  indint'tly.  A  method 
of  general  application  would  be  as  follows:  Two  ehislie  manometers  are 
"ahsnlutcly  gi-.tduatctl "  by  L-iuislng  each  of  them  to  i-ecord  a  scrie-s  of  pressures 
already  ujuasuied  by  a  mercurial  mauometer.  The  two  elastic  manometei's  can 
then  be  made  to  mark  up<.m  the  same  revolvii»g  drum  the  simultaneous  changes 
of  pressure  in  a  ventricle  and  in  its  auricle,  or  in  a  ventricle  and  its  artery. 
The  pressure  indicatetl  by  any  point  of  either  curvu  can  then  be  calculated 
in  terms  of  millimeters  of  mercury.  That  point  upon  the  intra-ventricular 
curve  which  marks  a  rising  pressure  just  higher  than  the  sinndtanetjus  pres.sure 
in  the  auricle  or  artery,  may  be  taken  to  mark  the  cl(*sing  of  the  cuspid  valve 
or  the  opening  of  the  semilunar  valve,  as  the  case  nuf)'^  be.  By  a  converee 
process,  the  moment  of  opening  of  the  cuspid  valve,  or  of  closing  of  the  semi- 
'  von  Fray  ami  Kr«h] :  op.  eit,  p.  t^l. 
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lunur,  may  also  Ih;  iLscertaiiieil.  Tl)e  practical  difficullk-s  in  tlie  way  of 
applying:  thi;^  iiteth<xl  to  the  ventricle  aiul  auricle  are  muoii  greater  than  to  (he 
ventricle  and  artery.  By  another  application  of  the  principle  just  (lescril)etl,  a 
"differential  nianouieter"  has  been  devised  for  tlie  purpose  of  registering  as  a 
siugle  curve  the  successive  differences,  from  moment  to  moment,  between  the 
ventricular  and  auricular  pressures,  or  the  ventricular  and  arterial  pressures 
(see  Fi<:f.  25).  To  this  en*!,  two  elastic  nmnorneters  an.*  fastened  immovably 
togetlier,  and  their  two  ela.'^tic  di.-^k^,  instead  of  bearing  upon  sepanite  levers, 
are  made  to  Ixar  upon  a  single  one,  whicli  has  its  fulcrum  between  the  disks, 
and  is  a  lever  not  of  the  third  order,  but  of  the  first,  like  a  common  l>alauce. 


I 


Fio.  2Si— DiagTam  of  Iht-  difTerentlal  manometer:  jI, artery:  l'.  T«otricle;  Z>,  drum  of  kymtigrapb, 
rtTolrinit  in  the  dlrucUon  of  the  arrow,  and  coverod  with  smoked  paper :  L,  nToriltinr  lever  In  eooturt 
with  the  rvvulving  drum  :  S.  a  sprlnx  hy  vhfch  the  muvrment  of  the  lever  worked  by  the  diskii  !■  trans- 
niltted  to  the  reeordtog  terer.  (The  working  detaUi  of  the  Inttniment  are  lupprecaed  or  altered  for  tba 
nkeuf  cleArDeu) 

As  the  lever  or  beam  of  the  Udance  turns  ironi  the  horizontal  as  soon  as  the 
scales  are  pressed  upon  by  uncqnnl  weight*,  so  the  lever  of  the  differential 
raauumeter  turns  its  ^u<:ul  jlh  the  disks  ai-e  uue4|ually  affected  by  the  presHures 
within  the  ventricle  and  the  auricle,  t>r  the  ventricle  and  the  arter}'.  As,  how- 
ever, the  pressures  upon  the  scales  are  from  above,  while  th(»ee  upon  the  disks 
are  from  below,  the  disk  wliicli  tends  to  "kick  the  Ikiuu  "  is  the  one  acted 
Ufwn  by  the  greater  pressure,  instead  of  by  the  less,  as  in  the  cas**  of  the  s<'ale8. 
The  manometric  lever  marks  its  oscillations  as  a  curve  upon  the  kymograph 
by  the  help  of  a  second  or"  writing  lever"  connected  with  it.  The  persistence 
of  exactly  equal  pre;«ui^  no  matter  what  their  al>soIu(e  vahie,  in  the  two 
manometers  would  cause  a  horiz^mlal  line  to  be  <]nuvn  by  the  writing  lever. 
This  would  serve  as  a  base-line.  The  differential  manometer  is  a  valuable 
instrument,  although  it  is  evident  ihstt  when^  sarh  minute  differences  of  space 
and  lime  are  reconled  as  a  curve  by  such  cHimplii-iitixl  nieclmnism^,  the  sounds 
of  error  must  be  numerous  and  difficult  to  avoid. ^ 

The  methods  which  pr*)oi'ed  hy  the  measurement  of  diffenmces  of  pn^swnre 
may  sometimes  be  a)ntrolled,  or  even  replaced,  by  an  easier  method,  us  tbilows : 
If  two  manometers  simultaneously  record  on  the  same  kymogmph  the  preasure- 

>  K.  Hurlhte:  iyw^er**  Arehiv  Jitr  tHr  gemmmU  Phytiologk,  1891.  Bd.  4\t,  S.  46. 


132 


AN  AMERICAN   TEXT-BOOK  OF  PHYSIOLOQY. 


curves  of  the  ventricle  and  the  auricle,  or  of  the  ventricle  and  the  arten*,  any 
very  sudden  change  of  pressure,  pi>xhice<l  in  auricle  or  artery  at  the  opening  or 

shutting  of  a  €'anlia<i  valve,  will  prrxhir*'  a  |M"iik  oi-  unglt;  in  the  curve  of  pres- 
sure of  the  auricle  or  artery.  By  the  rule«  of  the  gmphie  nietho<I  the  jK>int  in 
the  pressure-curve  of  tlie  ventricle  can  easily  be  found  which  was  written  at 
the  same  iaslant  with  the  peak  or  an^lo  in  the  auricular  or  arterial  cnrvR 
That  point  ijjmju  the  veutricular  ourvc\  vvlieii  inarkwl,  will  indicate  the  instant 
of  opening  or  iihutting  of  the  valve  in  question.  In  the  piTssure-curve  ob- 
tained from  the  aorta  close  to  the  heart*  there  is  a  sudden  angle  which  clearly 
marks  the  instant  when  the  opening  of  the  seruilutuir  viilve  lejuls  to  the  sudden 
rise  of  pressure  which  causes  the  up-stroko  nf  the  pulse  (see  Fig.  23),  Agaui, 
the  fluctuation  of  aortic  presanro  which  we  shall  learn  to  know  as  the  "dicrotic 
wave"  Ix^ins  at  a  moment  which  tnany  liclicvc  to  follow  cloi^ly  upon  the  clos- 
ure of  the  semilunar  valve.  Tliut  moment  may  he  indicated  hy  a  notch  in  the 
aortic  curve.  So,  too,  the  rise  of  pressure  within  the  auricle  produced  by  its 
systole  may  suddenly  Ijc  succceile<l  by  a  fidl^the  l«?ginuing  t>f  which  must  mark 
the  chj8Ui*e  of  the  cuspid  valve,  which  chjsure  tlms  may  corrctj|>oud  with  the 
apex  of  the  auricular  cm-ve. 

In  Figure  23,  ordinate  1  indicates  the  closing,  and  ordinate  4  the  oi>en- 
ing,  of  the  mitnd  valve.  These  two  points  weiv  found  by  help  of  the  dif- 
ferential manometer.  Oi-dinate  2  indicates  the  opening,  and  onlinale  3  the 
closing,  of  the  aortic  valve.  These  two  points  were  marked  with  the  help 
of  the  curve  of  aortic  pressure,  also  shown  \i\  Figure  23,  each  ordinate  of 
whicli  has  the  siirue  number  as  the  corresponding  ordinate  of  the  ventricular 
curve.  In  the  arterial  curve,  2  marks  the  Ijeginuing  of  tlie  systolic  rise, 
and  3  the  beginning  of  the  dicrotic  wave,  which  latter  point  is  treate*!  by 
the  observer  its  closely  a)rr(isjNin<ling.to  the  closniv  of  the  aortic  valve.  In 
Figure  24  each  onlinate  has  the  same  number,  and,  as  n^ganls  the  valve- 
]iJay,  t!ie  same  significance,  ns  in  Figure  23.  Orrlinate  1  corresponds  to  the 
apex  of  a  jx^ik  in  the  auricular  curve  (not  here  given)  which  represents  the 
end  of  the  auricular  systole.  Ordinate  2  corix^spoD^ls  to  the  beginning  of  the 
systolic  ascent  in  the  aortic  curve  (not  here  given).  Ordinate  3  was  found 
by  comparing,  by  means  of  two  ela-stic  manometers,  the  simultaneous  pressures 
in  the  ventricle  and  the  aorta.  Ordinate  4  ctirresponds^  on  the  auricular 
pressure-curve,  to  a  [wjiut  which  marks  the  beginuiug  of  a  dei'luie  of  pres- 
sure be!ieve<l  by  the  observer  to  succee*!  the  opening  \)f  the  cuspid  valve. 
In  both  the  figures  given  of  the  ventricular  curve,  and  in  such  curves 
in  general,  the  jH>ints  which  mark  the  valve-play  occur  as  follows:  The 
closure  of  the  cuspid  valve  tx^rresjwnds  to  u  point,  tiot  far  alwve  tlie  Hue 
of  atmospheric  pressure,  where  tlie  mo<lenite  u[>ward  sweep  of  the  ventric- 
ular curve  takes  on  the  steepness  of  the  systolic  ascent.  The  systole  of  the 
auricle  is  of  little  force,  and  the  hUKxI  injected  by  it  into  the  distensible  ven- 
tricle raises  tlie  pressure  there  but  little;  that  little,  however,  is  more  than 
the  relaxing  auricle  presents,  and  the  cuspid  valve  is  closed.  Somewhere  on 
the  steep  systolic  ascent  mcurs  the  point  corresjwnding  to  the  rise  of  the  ven- 
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Iricular  ul>ove  the  arterial  pressure,  aud  therefore  to  the  opening  of  the  serai- 
liinnr  valvr.  But  othiT  fnn-es  l)eside  the  arterial  pressure  must  lie  overcome 
hv  the  contracting  muscle ;  and  the  ventricwlar  prestture  mounts  liigher  yet, 
and  either  stays  high  for  a  while,  pro*hicing  the  plateau,  or,  in  a  pwikeil  curve, 
at  once  descends.  In  either  case,  not  long  atlor  tlic  i>oginnin^  of  the  s-hnrp 
dosocnt,  the  point  occurs  at  which  the  ventncular  pressure  falls  below  the  arte- 
rial, and  the  ficmilannr  valve  is  closetl.  IJeyoml  this  |>oint  the  curve  contirnies 
steeply  downward,  but  it  is  not  till  a  point  is  reachetl  not  far  above,  or  p^ssihly 
even  below,  the  atmospheric  pressure  that  the  pressure  in  the  ventricle  falls 
!)el{)W  tiiat  in  tlio  aun<'lc,  and  thi^  cuspid  valve  is  opened. 

The  Period  of  Reception,  the  Period  of  Ejection,  and  the  Two  Periods 
of  Complete  Closure  of  the  Ventricle. — Durintj  the  whole  of  the  perlotf 
when  the  cuspid  valve  is  ojien,  the  pressure  is  Iriwer  in  the  ventricle  than  in 
tJie  artery;  tlie  arterial  valve  is  shut;  and  bliKxi  is  entering  the  ventricle. 
This  may  be  callwl  the  "  i>ent>d  of  reception  of  blood."  During  the  greater 
part  of  the  |)erio<l  when  the  cuspid  valve  is  shut,  the  arterial  valve  is  open ; 
the  ]>ressn»'e  is  higher  in  the  ventricle  than  in  the  artery  ;  and  the  ejection 
of  bloofl  from  llie  funucr  is  taking  place.  This  may  be  callo<l  the  **  jwriod 
of  ejection,"  and  lies  in  Figures  23  ami  24  between  the  t*rdinate9  2  and 
3.  The  carefid  work  which  has  enabled  us  to  mark  the  valvr-play  tip^m 
the  ventricular  curve  has  dcnionstruted  the  interesting  fact  that  there  occur 
two  brief  |>erifKls  during  each  of  which  both  valves  are  shut,  and  the  ven- 
tricle is  a  closc^l  (-avity.  Of  these  two  jx^riods,  one  imrne<liatt'ly  prece<les  the 
perio<l  of  ejecttion,  and  the  otlier  immediately  I'uUows  it.  The  first  lies,  in 
Figures  23  and  24,  l)etwoen  the  ordiuates  1  and  2 ;  the  w-cond,  between  3 
and  4.  The  explanation  of  these  two  periods  is  simple.  It  takes  a  brief  but 
measurable  time  for  the  cardiac  nuiscle,  forcibly  contracting  u|M>n  the  inipris- 
onetl  litjuid  contents  of  the  clu'*cd  ventricle,. to  raise  the  pressure  to  the  high 
point  required  to  overcome  the  oppOvsing  pressure  within  tiie  arter)-  and  to  open 
the  beniilunar  valve,  .\giiiii,  it  takes  a  rticasurablc  time,  prol^ably  seldom  . 
quite  so  brief  as  tlie  |>eri(jd  just  dii^russed,  for  the  ctinliac  nmscle  to  relax  suffi- 
ciently to  permit  the  pressure  in  tljc  closed  ventricle  to  fall  to  the  low  point 
re(piire<!  for  the  opt-iiing  of  tlio  cu^|>id  valve.  The  ventricular  cycle,  thus 
studied,  falls  into  four  jH-'riods:  the  first  is  a  brief  period  of  complete  closure 
with  swit^Iy  rising  pressure ;  the  seoond  is  the  period  of  ejection,  relatively 
h)ng,  and  but  little  variable;  tlie  third  is  a  |>ori<Kl  of  complete  closure,  with 
swiilly  falling  pri-ssurc ;  the  fourth  ib  the  [x.*riotl  when  the  pressure  is  low  and 
bIfHxl  is  entering  the  ventricle.  This  last  |»eriod  is  ver\'  variable  in  length, 
but  at  the  average  pulse-i-ate  it  is  the  longest  period  of  all. 

Phenomena  of  the  Period  of  Reception  of  Blood. — We  have  already 
followed  the  course  of  the  pressure  within  the  ventricle  from  the  moment  of 
o|)cning  of  the  auriculo-ventricubr  valve  to  that  of  its  closing  (p.  128). 
During  this  time  the  ventricle  is  I'eceiving  its  charge  of  bIoo<l,  the  flaccidity  of 
the  wall  rendering  expatision  easy  and  keeping  the  pressure  low.  The  blood 
which  enters  fiixt  has  been  accumulating  in  the  auricle  since  the  closing  of  the 
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cuspid  valve,  and  now,  upon  the  opening  of  this,  it  both  flows  and  is  to  some 
alight  degree  drawn  into  tbe  ventricle.  This  blood  is  i'ollowed  by  timt  which, 
dnring  the  remainder  of  tlie  "reposeof  the  whole  heart,"  moves  tlirouj^h  tlie  veins 
and  the  auricle  into  the  ventricle  under  the  iufluenoe  of  the  arterial  recoil  and 
the  other  forces  which  canse  the  venous  flow  (p.  93) ;  and  the  charge  of  the 
ventricle  is  cninpleted  hv  the  blood  whirli  is  injected  at  the  aurifmlar  systole. 

The  Negative  Preeeure  within  the  Ventricles. — That  the  heait,  in  its 
diastole,  draws  .something  from  widiout  into  itielf  is  a  very  ancient  l>elief,  and 
this  mode  of  its  working  playe<l  a  great  part  in  the  doctrines  of  Galen  and  of 
the  Middle  Ages.  In  1543,  Vesalius,  who,  on  anatomii^l  grounds,  questioneil 
some  of  Galen's  views  as  to  the  cardiac  physiology,  fully  aoceptetl  this  one.^ 
On  the  other  hand,  in  1628,  Harvey  rejected  iu  "  It  is  manifest,"  he  says, 
"  tliat  the  bloijd  enters  llie  ventricles  not  by  any  attraction  or  dilatation  of  the 
heart,  but  by  being  thrown  into  ihcm  by  the  pulses  of  the  auricles."  *  In  this 
particular,  modern  research  in  some  degree  confirms  the  opinion  of  the  ancients, 
while  denying  to  suction  witliin  the  ventricles  any  such  great  etlect  as  ^^*as 
once  believed  in.  As  a  rule,  the  cuspid  valve  is  not  ojienetl  till  the  pi-essure  in 
the  ventricle  has  fallen  to  a  j>oint  not  far  from  tJie  i>ressure  of  the  atmosphere; 
it  may  be  even  below  it.  In  any  case  the  ventricular  pressure  usually  becomes 
n^ative  very  soon  after  the  ojiening  of  the  cuspid  valve.  This  negative  pres- 
sure is  of  variable  extent  and  continues  for  a  variable  lime.  It  is  alwa)*8 
small  as  compared  with  tlie  positive  pressure  of  the  systole.  Under 
some  circiimstam^es  negative  pressure  may  bo  al)s**n(,  but  it  is  so  very  com- 
monly present  as  certainly  to  be  a  norutal  ]>licnoiiienon  (see  Figs.  22, 
23,  and  24).  This  negative  pressure  is  revealed  by  tlie  elastic  as  well 
as  by  the  minimum  mrrcurial  manometer ;  it  is  present  in  both  ventri- 
cles ;  and  it  is  present,  to  a  less  degree,  even  after  the  chest  has  been 
opened,  and  its  aspiration  destroyed.  It  is  in  virtue  of  the  forces  which 
protluce  the  negative  pressure  iu  the  manometer  that  blood  is  drawn  into 
the   heart. 

Passing  by  disproven  or  improbable  theories  as  to  the  causes  of  this  suction, 
we  shall  find  the  following  statements  justified:  As  the  heart  lies  between  the 
lungs  and  the  chc-^t-wnM  (inehuiing  in  this  term  the  diaphragm)^  it  is  subject, 
like  the  chest-wall  arid  the  great  vessels,  to  the  continuous  aspiration  producetl 
by  the  stretched  6ba^  of  the  elastic  lungs.  At  every  inspiration  this  aspiration 
is  increased  by  the  w>ntraction  of  the  inspiratory  muscles.  We  see»  therefore, 
that  the  ventricle  must  ovenMjme  this  aspirution  as  part  of  the  resistance  lo  its 
contraction;  and  that,  as  soon  us  that  contraction  has  ceased,  the  walls  of  the 
ventricle  rnuHt  tend  to  l>e  drawn  asunder  by  those  aatiie  fitrces  of  elastic  recoil 
in  the  pulmonary  Hbrcs,  and  of  contriiction  of  the  muscles  of  iuspiration,  winch 
we  have  seen  (p.  95)  to  produce  a  slight  suction  within  the  great  veins  in  and 

*  AndrtcB  Vtmiii  BrnxelUnais,  Schola  mfdicorum  Patavijue  pro/etaorU^  de  Humnni  corporis 
fahrifn  Liln-i  »epum.  Baailetef  ex  officina  loannifi  Oporini,  Anno  SaUiCiB  repamtie  MDXLIII. 
Page  387. 

"  Op.  eiL,  162S,  p.  26:  Willis'ii  tninHlatiun,  Bowie's  edition,  18S9,  p.  28. 
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ven*  lU-Jir  the  chest.  These  same  forces  prtKhice  a  slight  siu*iion  within  the 
ventricles,  relaxe<l  iu  their  diastole.  But  a  very  alight  Huction  occurs  nt  each 
ventricular  diastole  even  after  the  chest  has  lieen  opened.  The  causes  of  this 
HTv  still  obscure ;  but  it  is  to  l^e  borne  in  mind  that  the  relaxing  wall  of  the 
ventricle,  flabby  as  it  is,  poissesses  some  little  elasticity,  especially  at  the  auriculo- 
ventricular  ring,  and  therefore  may  lend  to  resume  a  somewhat  different  form 
from  that  due  to  iti<  tHuitraction.  As  the  result  i>f  this  slight  ehwtic  recoil,  a 
feeble  suction  niav  ttocur. 


N.  The  Functions  of  the  Auricles. 

Connections  of  the  Auricle. — Into  the  ri^ht  and  left  auricles  o|>cn  tJio 
sj'stcmic  and  ]>idnionnry  veins  resix-ctively,  and  each  auricle  may  justly  be  re- 
ganlcfl  as  the  enlarux'd  termination  of  that  vonotis  system  wllli  which  it  ie  rtm- 
nectwL  Until  mo*lcrn  times  the  terms  of  anatomy  refloled  this  view,  and 
from  the  ancient  Greeks  to  a  lime  later  than  Harvey,  the  word  *'  heart "  com- 
mouly  meant  rlie  ventricles  only,  as  it  still  does  in  the  language  of  the 
«laughter-house.  This  termination  of  the  venous  system,  the  :mricle,  c<.mi- 
muniuites  dit^^ctly  with  the  VL-ntricle,  at  the  auriculo-vi-ntrirular  ring,  by  au 
aperture  so  wide  tliat,  when  the  cuspid  valve  i»  freely  open,  auricle  and  ven- 
tricle togetlier  Mx.'ni  to  C*jrm  but  a  sinirlc  chamber. 

The  Auricle  a  Feeble  Porce-pump  ;  the  Pressure  of  its  Systole. — The 
wall  of  the  auricle  is  thin  and  distensible;  it  is  also  muscular  and  contractile. 
Hut  the  slighti^t  iM'^|M'<tion  rtf  the  dead  h«irt  shows  how  little  f(»rce  vnn  be 
cxerttfl  by  the  contraction  of  wj  thin  a  sheet  of  nuiscle.  In  the  wall  of  the 
ap|x'udix,  however,  tlie  niusculur  structure  is  more  vigorously  devclo|K?d  thiin 
over  the  rest  of  the  auricle.  The  auricle,  then,  should  be  a  very  feeble  forcc- 
pumj) ;  and  such  in  fact,  it  is ;  for  tiie  highest  pri.-ssnn.'  scarcely  ri.*ics  niK>ve  20 
millimeters  of  mcrcur)'  in  the  right  auricle  of  the  df»g.'  and  an  auricular  sys- 
tole often  prothices  a  pressure  of  only  5  or  10  millimeterH.'  This  would  be 
but  a  small  frat*tion  of  the  iTia\inium  ventricular  pn*Ksiire  of  the  same  heart. 
The  auricle,  however,  is  e<[uul  u*  its  work  of  cfjuiplcting  the  tilling  of  the 
ventricle;  and  the  feebleness  of  the  auricle  will  not  surprise  us  when  wc 
consider  that,  at  the  l)eginning  of  its  systole,  the  prefisure  exerte<l  by  the 
wmtents  of  the  relaxed  ventricle  is  but  little  above  that  of  the  atmosphere, 
and  offers  small  resistance  to  the  injection  of  an  additional  quantity  of 
bloo<l. 

The  systole  of  the  auricles  is  so  conspicuous  a  |»art  of  the  cardiac  cycle  when 
the  U'iiting  hi-art  is  looked  at,  that  its  necessity  is  easily  overrated.  Even  ITar- 
vey,  iu  attacking  the  errors  of  his  day,  was  led  by  imperfect  methods  to  estimate 
too  highly  the  work  of  the  auricular  systole  (see  p.  134).  The  error^  although 
a  groRs  one,  is  not  rare,  of  considering  the  systole  of  the  auricles  to  be  as  im- 
|)ortant  for  the  charging  of  the  ventricles  as  the  systole  of  the  ventricles  is  for 
the  charging  of  the  arteries.      On  jiage  98  the  proof  has  already  been  given 

^  fJulIz  und  CUtile:  «7x  ct/.,  p.  106. 

*  W.  T.  Por(«r  :  op.  rt'L,  p.  533.     8.  de  Jafrer :  itp.di^p.  ftOO. 
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that  the  work  of  the  litiart  may  entirely  suffice  to  maintniii  the  oirenlatiui;  with- 
out aid  fi*ora  any  subsidiary  source  of  energy.  It  must  now  be  added  that  the 
ventricles  can,  for  a  time,  maintain  the  circuhitiou  Mitliout  tlie  aid  of  the  auric- 
iiliir  systole — a  <'](_':ir  proof  that  this  systole  is  not  a  nine  qua  non  for  the 
working  of  the  cardiac  pump. 

If  in  an  animal,  not  only  anaesthetized  bnt  so  dni^!2;ecl  that  all  itfs  .skeletal 
muscles  are  paralyzed,  artificial  respiration  l»e  establishwl  and  the  chest  be 
opened,  the  circulation  continues.  If'thc  artificial  ^c^;pi^ation  be  suspended 
for  a  time,  (he  lungs  collapse,  asphyxia  begins,  and  (lio  bl(nxl  accumulates 
coiispicuou.'ily  in  the  veins  and  in  the  heart.  Presently  the  niustnilar  walls 
of  the  auricles  may  became  pnralyzed  by  overdistcntion,  and  their  systoles 
may  ceaso,  while  the  ventricles  continue  at  work  and  inav  maintain  a  circu- 
lation, although  of  course  an  abnormal  one.  After  the  renewal  of  artificial 
respiration.  It  may  not  be  till  several  beats  of  the  ventricles  have  succeeded, 
without  help  from  the  auricles,  in  unloading  the  latter  and  the  veins,  that  the 
auri('Ii*s  rucivuimi'nit?  their  bt-nts.* 

On  the  other  liand,  it  is  clear  that  the  auricle  is  not  withotit  importance  as 
a  force-pump  for  completing  the  filling  of  the  ventricle,  even  if  it  can  be  dis- 
pcnstnl  with  for  a  time.  In  curves  of  the  blood -pressure  during  asphyxia  taken 
simultaneously  from  the  auricle  and  the  ventricle,  lhei*e  may  be  noted  the  influ- 
ence exerted  upon  the  ventricular  curve  by  ineffectiveness  of  the  auricular  sys- 
tole. It  is  found  that,  in  this  case,  that  slight  but  accelerated  rise  of  pressure 
may  fail  wliich  noniially  just  preewlus,  and  merges  itself  iu^  the  large  swift  rise 
of  the  ventricular  systole.  It  is  found,  too,  that,  under  these  circumstances, 
the  total  height  of  this  systolic  rise  may  be  diminished.*  We  shall  see  pres- 
ently how,  when  the  pulse  becomes  very  frocjuent,  the  importance  of  the  auric- 
ular systole  may  l>e  incrwisetl.  "\V'e  have  seen  alreaily  (p.  132)  tliat  normally  it 
may  pr<»bably  eflect  the  closure  of  the  cuspid  valves. 

Time-relations  of  the  Auricular  Systole  and  Diastole. — The  auricular 
systole  is  not  (jnly  weak,  but  brief,  lieing  coninionly  recktmwl  at  about  0.1  of  a 
second  (see  p.  124).  If  this  be  correct  for  man,  at  the  average  pulse-rate  of 
72  the  auricular  systole  would  comprise  <>nlv  about  one-eighth  of  the  cycle; 
would  \nt  only  one-scven(h  as  long  as  the  aurirular  diastole;  and  only  about 
ooe-third  as  long  as  the  ventricular  systole  which  immediately  follows  that  of 
the  auricle. 

The  Auricle  a  Mechanism  for  Facilitating^  the  Venous  Plow  and 
for  the  "  Quick-charging'"  of  tl^  Ventricle.— Further  points  in  regard  to 
the  systole  of  the  auricles  can  best  be  treated  of  iucideutally  to  the  general 
question,  What  is  the  principal  use  of  this  portion  of  the  heart?  The  answer 
is  not  so  obvious  as  in  tfic  ease  (»i'  the  ventricles.  It  may,  however,  be  stated 
as  follows:  The  auricle  is  a  reservoir,  lying  at  the  very  door  of  tlie  ventricle. 
That  door,  the  cuspid  valve,  remains  shut  during  the  relatively  long  and  un- 
varying |wriod  of  (he  ventricular  systole  and  tfic  brief  succceiling  jxiriod  of  fall- 

*  Ton  Frer  and  Krehl :  op.  ctt,  pp.  49, 50.    G.  Colin:  Ttaili  dt  pHj^ohyie  eomparSt  det  ani- 
maKj:,  Paris,  1888,  vol.  ii.  p.  424.  '  von  Frey  undrfCrehl :  op.  etl^  p.  69. 
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ing  pressure  within  il*f  voiitricle.  These  periods  coincide  with  the  earlier  part 
of  the  auricular  diaslolo.  During  all  this  time  the  forces  which  cause  the 
venous  flow  are  JelivtTin^  U\o\A  iuto  the  flamd  and  distensible  reservoir  of 
the  auricle,  and  can  thuH  niaititnin  a  continuous  How.  But  the  blood  of  wliioh 
the  veiuH  are  thus  relieved  during  the  |)criod  of  clnsure  of  the  cu5])id  valve, 
accumulates  just  uUn'e  that  valve  to  await  its  ojxMiing,  When  it  Is  open(?d 
by  the  HU|>erior  auricular  pre!=isiirc,  tlie  stored-up  blood  both  H(»ws  and  is  drawn 
into  t[»e  ventricle  pnanptlv  from  the  adjoiuiiiy;  reservoir.  From  this  titiie 
on,  auricle  and  ventricle  together  ai^e  fK>nvert<?d  into  a  conimou  storehouse  for 
the  returning  bltKxl  diirinjr  the  reiiiaitidcr  of  the  rc|>ose  of  tlie  whole  heart, 
which  roincidcs  witli  the  later  pi>rtion  of  the  long  auricular  diastole.  The 
next  auricular  systole  completes  the  charging  of  the  ventricle;  and  a  second 
use  of  this  systole  now  becoenes  iippareiit,  for  the  sudden  transfer  by  it  of 
blood  from  auricle  to  ventricle  not  only  ct>uipielcs  the  filling  of  the  latter,  but 
lessens  the  contents  of  the  auricle,  and  so  prepares  it  to  act  as  a  storehouse 
during  the  coming  systole  of  the  ventricle.  The  auricle,  tlien,  is  an  ap|xii*atn3 
for  the  maintenance  of  as  even  a  flow  aa  |KJssibie  iu  the  veins  aud  for  the  rapid 
and  thorough  charging  of  the  ventricle.  It  is  clear  that,  for  both  uses,  the 
auricle's  function  as  a  reser\'oir  is  certainly  no  less  imjiorlant  than  its  function 
as  a  fortv-putnp. 

The  value  of  a  mechanism  for  the  rapid  (illiug  of  tlie  ventricle  increases 
witli  the  pulse-rate,  aud  with  a  very  frequent  pulse  must  be  of  great  import- 
ance, because  now  time  luust  l>e  wivetl  jit  the  e.\[w?nse  of  the  |iau>e,  witli  its 
quiet  flow  of  blood  through  llic  auricle  iulu  the  VLiitriclL* ;  ainl  the  auricular 
systole  must  follow  more  promptly  than  before  upon  the  oj>ening  of  the  cus- 
piil  valve.  If  the  pulse  double  in  frequency,  each  cardiac  cycle  must  l)e  com- 
pldCKl  in  one-half  tlic  iorrner  time;  but  we  have  seen  that  the  ventricle 
requires  for  its  systole  a  time  whicii  cannot  be  shorteneti  with  the  cycle  to  the 
same  degree  as  can  its  diastole.  Of  heightened  value  now  to  the  ventricle 
will  be  the  adjoining  reservoir,  which  is  filling  while  the  cuspid  valve  remains 
cl(kst?<l,  and  from  which,  us  socm  as  that  valve  is  o|>ened,  the  necessary  supply 
not  unly  flows,  but  is  sucke<i  and  pumped  into  the  ventricle,  for,  when  increased 
demands  are  made  U|H*n  the  heiirt,  the  usefulne?«  of  an  increa?^e<l  frequency  of 
l»eat  di.sap|)ears  if  the  volume  tnnistern^l  at  each  l>eat  from  veins  to  arteries 
diminish  in  the  siune  pn»|H)rlion  as  ihc  fn*<|ucney  increases.  No  increase  of 
the  wipiilar}'  strcjini  uiu  then  follow  the  more  frequent  stmk^s  of  the  pump,' 

Nefifative  Pressure  within  the  Auricle  ;  its  Probable  UsefUlneee. — The 
course  of  the  pressure-curve  of  the  auricle,  as  shown  by  the  elastic  manome- 
ter, is  too  complex  and  variable,  and  its  details  ore  too  much  disputed,  for  it 
to  be  given  here.  But  certain  facts  regarding  the  auricular  pressure  are  of 
much  interest  in  i-onne<*tion  with  the  use  of  the  auricle  which  has  just  been 
discussetl.  Once,  and  jxrlmps  ofiener,  in  each  cycle,  the  pressure  in  the  auricle 
may  become  negative,  |)erhaps  to  the  degree  of  from  —2  to  — 10  millimeters  of 
mercury  even  in  the  o\^i\  chest,'  and  of  course  becomes  still  more  so  when 

*  Ton  Frey  und  Krelil:  op.  cU.,  p.  CI. 

*  de  Jjig:er :  (*p.  rit,  p.  507.     W.  T.  Porter :  op.  at,  p,  533. 
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the  latter  18  intact,  sinking  in  this  case  to  perhaps— 11.2  niillinieters.'  What 
IB  striking  in  connection  with  the  "quick-charging '*  of  tlie  ventricle  is  that 
the  greatest  and  lnnir**^t  negative  pressure  in  the  auricle  coincide?,  as  we  should 
expect,  with  the  earlier  part  of  its  diastole,  and  therefore  with  the  systole  of 
the  ventricle,  when  the  auricle  is  cut  off  from  it  by  the  shut  valve,'  By 
this  suctiau  within  the  auricle  the  flow  from  the  veins  into  it  probably  is 
heighteneilj  and  the  store  of  blood  increased  which  accumulates  in  the  reservoir 
to  await  the  opening  of  the  valve.  The  quick-oliarging  nicchanisni  itself  is 
quickly  charged.  Nor  should  it  be  forgotten  tliaf  the  work  of  the  ventricle 
ermtributes  in  some  degree  to  this  suction  witliin  the  auricle.  Tlie  heart  is 
air-tight  in  the  chest,  which  is  a  more  or  less  rigid  case.  At  each  ventricular 
systole  the  heart  pumps  some  blood  out  of  this  case,  and  ,shrinks  as  it  does  so, 
thus  tending  to  protluce  a  vaouum ;  in  inher  worIs,  Uy  iiu-njase  the  ainmint  of 
negative  pressure  within  the  chest,  and  thus  hcl]^  to  expniiJ  the  swelling  auri- 
cles. Therefore  for  the  suction  whi<rh  hclfss  to  clmrgc  tlic  auricles  during  the 
systole  of  the  ventricli.'s,  thai  systole  itK.'lf  is  partly  rwivinisible.' 

la  the  Auricle  Emptied  by  its  Systole  ? — Autlioriltes  dit!er  still  as  to  the 
extent  to  which  the  auricle  is  emptied  l>y  its  systole;  some  holding  the  scarcely 
proliabh*  view  that,  during  tliis  time,  its  ci>nteuts  arc  all,  or  nearlv  all,  trans- 
ferrwl  to  the  ventricle;*  anil  othei's  taking  the  widely  dilfercut  view  tliat  the 
auricle  at'tually  continues  to  receive  bloixl  during  its  systole,  which  latter  simply 
inci'casGs  the  discharge  into  the  ventricle.  Acicording  to  this  latter  opiiiiou  the 
flow  fioru  the  i;i'iiit  veins  into  thti  auricli*  is  absolutely  unbroken/  All  are 
agreed,  however,  that  the  auricular  api>endix  is  the  most  comiflctcly  emptied 
poition  of  the  chamlx^r. 

Are  the  Venous  Openingfs  into  the  Auricle  closed  during  its  Systole  ? 
If  not,  does  Blood  then  regurgitate,  or  enter? — As  to  these  qutstious  dif- 
ferences of  opinion  ai-e  passible,  because  at  the  openings  of  the  veins  into  the 
auricle  no  valves  exist  which  are  etlectivo  in  (he  adult,  except  at  the  mouth  of 
the  coronary  sinus.  It  is  iherufoix;  a  qucsLion,  wliat  hi)p]>eiis  at  the  mouths  of 
the  veins  during  the  auricular  systole.  These  mouths  are  surrounded  by  rings 
comiKised  of  the  muscular  fibres  of  the  auricular  wall;  and  for  some  distance 
from  the  h<_«rt  the  walls  of  some  of  the  groat  veins  are  rich  in  circular  fibres 
of  musch'.  We  liave  seen  already  (p.  110)  (hat  a  rhythmic  tHjiitntelion  of  the 
venffi  cava?  and  pulmonary  veins  occurs  just  before  the  systole  of  the  auricles 
an<l  must  nwelen*te  the  How  into  the  latter.  Their  swiftly  tollowtug  systole  is 
known  lo  I>egin  at  the  mouths  of  the  gi*eat  veins  and  from  these  to  spread  over 
the  rest  of  each  auricle.     It  is  evident  at  once  that  the  circular  fibres  mast 

*  (ioltzund  <;aulu:  op.  cU.,  p.  109,    • 

'  von  Frey  tiiirl  Krelil :  op.  ri>.,  p.  6I»;  W.  T.  Porter:  op,  fit.,  p.  523. 

*  A.  Mofiso:  DU  Diatfno^ik  dea  Pufae^,  eta  Zweiler  Theil :  Ueber  den  negntlven  Puis, 
S.  42. 

*  M,  Foster:  A  Teit-bottk  of  Phifttifiiogy,  New  York,  1896,  p.  182. 

*  Skoda:  "  lTet>er  die  Function  der  Vorkammeni  de»  Heraenm"  Sitxungi^rirJUe  der  matkem.' 
iMturuK  C((um  rler  kniK  Akndrmie  fler  Wmmariuijlen  in  Wien^  1852,  Bd.  ix.  S.  788.  L.  Her- 
mann :  Lthrhueh  der  Physiologit,  1900,  8.  66. 
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either  narrow  ar  oMitemtc,  like  sphincter?,  the  mouths  <if  the  veins  at  the  out- 
set of  the  syst^^le,  ami  that  th^i^e  rtln-es  thus  take  the  place  of  valves.  If  the 
closure  be  ooraplete,  all  the  bI<xKi  ejected  by  the  systole  must  enter  the  vcDtricle, 
anil  a  momentary  standstill  of  i)lo(_Kl  and  rise  of  pressure  in  tlie  veins  ju$t  witJi- 
ont  the  auricle  must  aoi*om|iany  its  brief  systole.  A  recent  observer  Ijelievcs 
the  flow  into  the  auricle  to  l)e  interrupted  even  more  than  once  during  its  cycle.* 
If  the  venous  openings  Iw  not  chwcd  but  only  narrt>\ved  during  the  systole 
of  the  auricles,  the  transfer  of  all  or  UHie-t  of  the  cjccte<l  1>I<mxI  to  the  ventricle 
must  depoml  up>n  the  pressui-e  being  lower  therein  than  at  the  venous  openings, 
A  slight  regurpitntinji  into  tlio  veins  would,  liko  the  complete  closing  of  their 
mouths,  ciiuse  ji  niomc'utury  checking  of  their  blood-flow  just  without  the  auri- 
cle, and  a  slight  rise  of  pressure.  Such  a  checking  of  the  flow  has  in  some 
cases  been  observed  and  ascribed  to  regurgitation.*  A  systolic  narrowing  with- 
out closure  of  the  venous  mouths  would  leave  room  also  for  the  view  ahx'ady 
giveu,  that  so  far  is  i^gurgitatiou  from  taking  place,  that  even  during  tlie  sys- 
tole of  the  auricles  blood  enters  tliem  incessantly,  ami  the  venous  flow  is  never 
checked.  In  this  case  the  systole  of  ilie  auricle  would  still  empty  it  partially 
into  the  ventricle,  owing  to  the  h)wncss  of  the  prcssuiv  there. 

The  time  has  not  arrived  for  a  decision  as  to  all  tlie^'  questions,  which  arc 
surroundetl  by  pructical  ditHcidties;  but  fortunatily  tlifv  tlfi  not  throw  doubt 
u|M_tn  the  fiuuiiuns  of  tlie  auricle  as  a  R-servitir  luid  [Mnii|i  wliidi  u»ay  be 
swiftly  fiUedj  and  may  swiftly  complete  the  filling  of  the  ventricle  which  it 
adjoins. 

O.  The  Arterial  Pulse. 

Nattire  and  Importance. — The  expi^ession  **  arterial  pulse"  is  restricted 
commonly  lo  those  iuL'css;int  fluctuations  of  the  arterial  pressure  which  corre- 
s|Mmd  with  the  incessant  lieatiugs  of  the  ventricles  of  the  heart.  These  rhyth- 
mic fluctuations  of  the  arterial  pi'essure  have  l>eeu  explaine<i  already  (p.  £>2) 
to  de|>end  upon  the  rhythmic  iutermitteut  injections  of  blood  from  the  ven- 
tricles;  u(M>u  the  resistant*  lo  these  injections  pro<luc*etl  by  the  friction  within 
the  blood-vessels ;  and  upon  the  elasticity  of  the  arterial  walls.  It  has  also 
l>een  explained  that  the  interaction  of  these  three  factors  is  such  thai  the  blood, 
in  traversing  the  ciipillaries,  comes  to  exert  a  conlinuotis  pressure,  free  from 
rhythmic  fluctuations;  in  other  words,  that  the  pulse  undergoi's  extinction  at 
the  confines  of  the  arterial  system.  It  Is  at  once  apparent  that  the  pulse  may 
be  atfecte<l  by  an  abnormal  change,  either  in  the  heart's  Ijcat,  in  the  ila.**- 
licity  of  the  arteries,  or  in  the  peripheral  rcsistanec,  or  by  a  combiuation 
of  such  changt's  ;  tmd  that,  therefore,  the  characters  of  the  pulse  jxjssese 
an  importance  in  medical  diagnosis  which  justifies  a  brief  further  discus- 
sion of  them. 

A  pulsating-  artery  not  only  expands,  but  \s  len^bened.     The  sudden 

»  W.  T.  Porter :  o;>.  ri7.,  p.  fi3*l. 

'  Franv*>u»-I'>am-k:  "A'ariaticHM  de  ta  ▼!(«««  du  satig  dons  le»  Teities  mmm  rinflaenoe 
de  U  cjrstole  de  rortiillett^  drmte/*  Artkivrs  tU  pf^nolo^  normaU  H  paihotoffitptef  1800,  p.  347. 


1^ 


AN  AMERICAN   TEXT-BOOK   OF  FHYSIOLOOY, 


increase  in  the  contents  of  an  artery  wbi<rli  (?auses  the  pulse  therein,  is  accom- 
modated not  merely  by  the  increase  of  calibre  which  prtKlncesthe  "n]>-stroke" 
of  the  arterial  wall  against  the  finger,  bnt  also  by  an  increase  lu  the  leng;th 
of  the  elastic  vessel.  If  the  artery  l>e  sinuous  in  its  course,  this  increase  in 
length  mirlclcniy  exaggerates  the  curves  of  the  vessel,  and  thus  produces  a 
slight  wrigj^ling  movement.  This  is  sometimes  very  clearly  visible  in  the 
tomporal  arteries  of  emaciate<3  persona.  On  the  other  hand,  the  increase  in 
the  ttilibre  of  the  artery  is  relatively  s^^)  slight  tliut  it  is  invisible  at  the  pi"ofile 
even  of  a  large  artery,  dissected  clean  for  a  short  distance  for  the  pui'pose  of 
tying  it.  Such  a  vessel  appears  ]>nlseless  to  the  eye,  althoiti^h  it,s  pulse  is 
easily  felt  by  the  finger,  which  slightly  flattens  the  artery  ami  tluis  gains  a 
larger  surface  of  contact. 

Transmlaaion  of  the  Pulse. — Tf  au  t^liSPrver  feel  his  own  pulse,  placing 
the  finger  of  one  hand  upon  tlie  cotumon  carotid  artery,  and  that  of  the  other 
ujK>n  the  dorsal  artery  of  the  foot  at  the  instep,  he  will  perceive  that  the  pulse 
cr>rn?s|>onding  to  a  given  heart-l>eat  occurs  l;it(M'  in  the  foot  than  in  the  neck. 
This  pheuouieuon  is  R'adily  comprehended  by  considering  that  nwun  for  the 
"pulse-volume"  injected  by  the  heart  is  made  in  the  roiit  of  the  arterial  system 
both  by  local  expansion  and  by  a  more  rapid  displacement  of  blood  into  the 
next  arterial  segment.  This  next  segment,  in  turn,  a<t'omnio<latcs  its  increased 
cimrge  by  hw^al  expansion  and  by  a  more  rjipid  displacement  j  and  this  i>ame 
process  involves  segment  after  segment  in  succession,  onward  toward  the 
cjipillaries.  The  expansion  of  the  arterial  system,  then,  is  a  progressive  one, 
and,  as  the  plii*ase  is,  spreads  as  a  wave  fi*oni  the  aorta  onwanl  to  the  arteri- 
oles. The  rate  of  transmission  of  the  "pulse-wave"  from  a  point  near  the 
heart  to  one  remote  from  it,  may  l)e  caleulatetl.  This  is  done  by  comparing 
the  time  which  elapses  lictween  the  ocijurrem.'e  of  tlic  up-stroke  of  the  pulse 
in  the  nearer  and  in  the  farther  artery  with  the  distance  along  the  arterial 
system  which  separates  the  two  points  oi'ubservatiou.  In  one  case,  for  exam- 
ple, that  of  an  adult,  the  absolute  amount  of  the  iM)stponemont  of  the  pulse — 
that  is,  the  time  required  for  the  transmission  of  the  puls(>-wave  from  the 
heart  itself  to  the  arieria  dorsaih  pedis^  was  0.193  second.'  The  time  of 
transmission  of  the  pulse-wave  from  the  heart  to  the  dorsafis  pedis  is  often 
longer  than  in  this  i-ase,  amounting  tu  0.2  se<ond  or  a  little  more.  If  we 
reckon  the  duration  of  tlie  ventricular  systole  at  about  0.3  second,  it  is  evi- 
dent that  the  fact  of  the  |>ostponement  of  the  pulse  iu  the  arteries  distant  from 
the  lieart  does  not  invalidate  the  general  statement  that  the  arterial  pulse  is 
synchronous  with  the  systole  of  the  ventricles. 

The  general  estimates  of  the  rate,  as  <t]i[H>sed  to  tlie  absolute  time,  of  trans- 
mission of  the  j)ulse-wave  vary,  in  different  ctises,  from  more  than  3  meters 
to  more  than  9  meters  per  second.  •As  the  blood  in  the  arteries  does  not  pass 
onward  at  a  swifter  rate  than  about  0.5  meter  per  second,  it  is  dear  that  the 
wave  of  exj)ansion  moves  along  the  artery  many  limes  faster  than  the  blood 
does;  and  that  to  confound  the  travelling  of  the  wave  with  the  travelling  of 
'  J.  N.  Cxerraak :  Oeaammehe  Schri/fm,  1879.  Bd.  i.  Abtb.  2,  S.  711. 
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the  blootl  would  be  a  very  Berious  error,  easily  avouletl  by  bearing  in  raind 
tlie  causes  of  the  pulse-wave  as  already  given, 

Inveutiffation  by  the  Finger. — The  feeling;  of  the  pulpe  has  boon  a  valu- 
able and  coustatitlv  usrd  int^ius  ttf  (lia^uo.sis  since  aueiciil  times.  Iiidee^L  the 
ancient  medicine  attached  to  it  more  importance  than  does  the  practice  of 
t^xjay.  But  it  is  .*<til]  advisable  to  wurn  the  lx*^iiiner  that  he  may  not  look 
to  the  pulse  for  *' jwithopnomonic  "  inforniali^m  ;  that  is  to  say,  lie  may  not 
expect  to  diajinoatieate  a  disease  solely  by  touching  uu  artery  of  the  patient 
under  ejcaniination.  The  pidse  is  most  commonly  felt  in  the  mdial  artery, 
wln'ch  is  convenient,  superficial,  and  well  supported  against  an  examining 
finger  by  the  underlying  bone.  Many  other  arteries,  however,  iiuiy  be  util- 
ized. 

Frequency  and  Regrularity. — The  most  conspicuous  qualities  of  the  pulse 
arc  frequency  and  regularity,  rsnally  these  csm  l>e  appreeialal  not  merely  by 
a  physician  but  by  any  intelligent  |)ersuu. .  The  physiotugiL'al  variations  in 
the  fre<pency  of  the  heurt's  beats  have  Ijeen  referred  to  ahvady  (p.  121).  In 
an  intermittent  pul^e  die  rhythm  is  usually  rcguhir,  but,  at  lunger  or  shorter 
intervals,  the  ventricle  omits  a  systole,  tiud  therefore,  the  pulse  omits  an  up- 
stroke. Either  iuterniittence  or  irregularity  of  the  cardiac  beats  may  be 
caused  by  transient  disonler  as  well  as  by  serious  disease. 

Tension. — VVhen  unusual  force  la  required  in  order  to  extinguish  the  pulse 
by  eompressing  the  artery  against  the  bone,  the  arterial  wall,  and  henre  the 
(Hilse,  id  said  to  pusscss  lugh  tension,  or  th<?  pulse  is  ealletl  incompR'ssible,  or 
bard.  Conversely,  the  pulse  is  said  to  be  of  low  tension,  compressible,  or  soft, 
when  its  obliteration  is  unusually  cjtsy.  A  very  hard  pulse  is  sometimes  calle<l 
"  wiry  ;  "  a  ver^'  soft  one,  '*  u::Lseous."  High  tension,  hardness,  incompressibil- 
ity,  obviously  are  direetly  iudimtive  (►f  a  high  bliKxl-pressure  in  the  artery  ; 
and  the  tN^nverse  qualities  of  a  low  pressure.  It  follows  from  what  has  gone 
before  that  the  causes  of  changes  in  the  arterial  pn-ssure,  mid  hence  in  the 
^tension,  may  be  found  in  changes  either  in  the  heart's  action,  or  in  the  periph- 
eral resistance,  or,  as  is  verj'  common,  in  both.  An  instrument  called  a 
sphygmomanonK'ter  *  or  sphygnumioter  is  stmietimes  applied  to  the  skin  over 
the  artery,  in  onler  to  obtain  a  better  measurement  of  its  hardness  or  soilness, 
and  hence  of  the  blood-pressure  within  it,  than  the  finger  can  make.  8uch 
instrimients  are  not  free  from  sources  <»f  error. 

Size. — When  the  art*'ry  is  unusually  increased  in  calibre  at  each  up-stroke 
of  the  pulse,  the  pul>e  is  slid  to  be  large.  When,  at  the  up-stroke,  the  calibre 
fdianges  but  little,  the  pulse  is  said  to  be  small.  A  very  large  pulse  is  some- 
times ealletl  "bounding;"  a  very  small  one,  "thready."  Ijargenesa  of  the 
pulse  must  l)e  distinguished  c;aiefully  from  largcnens  of  the  artery.  The  for- 
mer phrase  means  that  the  fluctuatuig  part  of  the  arterial  pressure  is  large 
in  proiMirtion  to  the  mean  pressure.  But  if  the  mean  pressure  be  great 
while  the  fluctuating  jmrt  of  the  pressure  is  relatively  small,  the  artery,  even 
at  the  end  of  the  down-strike,  will  be  of  large  calibre,  while  Uie  pulse  will 
be  small. 

^  From  a^tfyftdff  polae. 
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It  has  been  seen  that  the  increased  charge  of  hloo<l  wliich  an  artery  receives 
at  the  veutrioiilar  Hystf>le  is  accomnioflated  partly  by  iucreased  displacement  of 
blood  toward  the  capillaries,  and  partly  by  that  increaHe  iu  the  capacity  of  the 
arterj'  which  is  accompanied  by  the  uivstroke  of  the  pulse.  The  less  the  con- 
tents of  the  arter}'  the  less  is  the  arterial  pressure,  the  less  the  tension  of  the 
wall,  and  the  more  yielding  is  that  wall.  The  more  yicldit*g  the  wall,  the  more 
of  tJie  iucreai^etl  charge  of  blixnl  does  the  artery  awommodate  by  aw  increase  of 
capacity  and  the  less  by  an  increase  of  displacement.  Therefore,  a  lai^e  pulse 
often  accomjMinics  a  low  mean  pi'cssure  in  the  arteries,  and  hpuce  may  appear 
Ofl  a  symptom  after  \i\t^  losses  of  blow!.  In  forna'r  diiys,  when  bhuMlletting 
wan  practised  as  a  remedial  measure,  imperfect  knowledge  of  the  mechanics 
of  llie  circniation  sometimes  causet!  life  to  1)e  endangcn^l  ;  for  a  **  thrc^bbing" 
piilne  in  a  |>ationt  who  had  l)een  bled  ahviidy  was  liable  to  be  taken  as  an  **  in- 
diculion"  for  the  letting  of  more  blood.  If  this  were  done,  an  efibct  was 
ooml>iit4*<l  by  ivpciuiug  its  r^useA 

Celerity  of  Stroke. — WiiL-n  tiieh  np-stroke  of  the  pulse  appears  to  be 
•lowly  awHjniplihhrd,  rcipiiring  a  R-lutively  long 'interval  of  time,  the  pulse 
i4  coIKhI  hIow,  or  long.  When  each  up-stroke  appears  to  be  quickly  accom- 
blUhedf  r«*r|uinng  u  relatively  short  time,  the  pulse  is  called  quick  or  short. 
Tlii^r  c<jntni«l«il  (juivlilies  me  umoug  the  mobt  obbcuru  of  those  wliich  the 
»ktllnl  lutieii  ifl  called  u[>ou  to  appreciate. 

Th«  PuUie-trace. — Thr  rise  aiul  full  of  a  pulsating  human  artery,  if  near 

«r<>*Hij(h  U»  ihe  nkbi,  nmy  Im*  made  to  raise  and  lower  the  recording  lever  of  a 

fwitrMtwImt  r!iMnpli('ale<l  instrument  called  a  sphygmograph.^    Of  this  iustru- 

^m\\  tk  iMimIxT  i»f  vnrii'tit^H  are  in  use.     If  the  tine  ]H«int  L»f  the  lever  he  kept 

|lf  fKriitoiil  with  u  pitiM*  (»r  NUioked  pujwr  wliicli  is  iu  uuiibrm  motion,  a  "  pulse- 

IfliMV' "  itt  *' pnl»i!-(iirvi!  **  irt   inscrilMHl,  which   shows  stiecessive   fluctuations, 

iNftr^r  mimI  mnfllli^r,  whiirh  ivml  to  Im}  riiyduuicidly  repented,  and  which  de[>end 

^\ttm  Jim  moV*:mt'ntH  of  tlitr  nm'riul  wnll  produtvd  by  (ho  fluctuations  of  blinxl- 

|i^»aM(«r«^     In  an  uninnd,  u  mmiona-ter  may  Ix^  couticctnl  with  the  iuterior  of 

1^  titrmryt  and  iUu»  tUv  thictuutiims  of  the  blood -pressure  nmy  be  observed 

ffittUi  dbi«ily»      l(  hii^  lit^Mi  rxplniucd  (p,  00)  that  the  mercurial  manouieter 

U  ff(  HM  VhIh*)  for  the  Htudy  uf  ilie  tiner  I'hanicters  of  the  pulse,  owing  to 

^U^  UtuFil^  ttH  tliH  ranniiiry.     On  tin-  other  hand,  the  best  forms  of  elastic 

fh^ttuttiiiiar  (fiv*i  pulw-trneen  wtiicli  ate  mr>re  n^liable  than  those  of  the  sphyg- 

Ot'^fi*\tih     11itv  i«  bi!cau»e  the  sphygmogra[)hic  ti-uce  is  subject  to  unuvoid- 

^i4'    ^rr'/r«  dc|KtiMlt'nl   (l|>on  the  physical   {jualitic^s  of  the   skin   and  other 

W*f)#  w\Ot'h  UtiiffVi'tw  iM'twiM^n   thn  instrument  and  the  cavity  of  the  artery. 

t<     ^-^  ■]■  ^    l|,(,    Qpliy^niiigniphic    pulse-tnux*,  or   '*sphygmogram,"   ir^    the 

..'^t  vvhiiih  mil   be  ulituinod   from  the  human  subject;  and,  when 

•\fiim^  rruMi  ait  unirnul,  it  bus  wi  much  in  c^nnmon  with  the  trace  recorded 

(,)  iiftf  ti\imiii-  manomnler,  lliut  iIh'  sphygmograph  has  l>e4^n  much  usetl  for  the 

t  .'i\  'if  ihir  hitmuM  |Mil»M',  hi  lunlib  and  disease,  lK»tli  by  physioli»gists  and  by 

«  ill)  JUII  •    S^tmrvh*  primpaiiy  reUttiir  to  the  Morbid  and  CStratitt  EffeeU  of  Lon  ^ 
iUv'/tt,  hHt4m,  IWMl  '  Fnun  o^'yfi^,  pulse,  and  y/xi^iv,  to  record. 
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medical  j^ractitioncrs.  As  a  means  «)f  diagnosis,  liowever,  the  sphyj^mi^ram 
still  leaves  muoh  to  be  desired.  The  same  iuntrument^  applied  iu  immediate 
sucoession  to  diflerejit  arteries  of  the  same  person,  gives,  as  might  be  exjjeeted, 
pulse-traces  of  S4)mewhat  difforrnt  fi>rms.  The  same  artery  of  the  same  per- 
son yields  to  the  same  instrument  at  diflerent  times  ditlereut  forms  of  trace, 
depending  upon  diftert'nt  phvHiologiral  states  of  the  circulation.  But  the  same 
artery  yields  traces  of  ditTerent  form  to  sphygmographs  of  diflereut  varieties 
applied  to  it  in  immediate  succession;  and  even  moderate  changes  iu  adjust- 
Djent  cause  differences  in  the  form  of  the  successive  traces  which  the  same 
instrument  obiurns  from  the  same  artery.  It  is  no  wonder,  tiierefore,  that 
great  cai'c  must  l>o  exercisef!  in  co»ii|>nring  sphygmogmphic  observations,  and 
iu  drawing  genend  tijiiclusions  fn*ti»  the  infiirtnahon  which  they  impart. 

The  Details  of  the  SphyermogTairi. — Figure  26  is  a  fair  cxum])le  of 
the  sphygmngranis  coiniuonly  obtuincil  from  the  healthy  human  radial  jtulse. 
Wheu  this  trace  was  taken,  the  subject^s  heart  was  beating  from  58  to  60  times 


no.  3L— Spbygmofimm  fh>m  a  normal  liutnAn  radial  pulse  t>eattUk:  fr  >ii< 
rvftd  fmiu  Ita  tu  riybt  iBurdvu-Sondtrr^uii. 


i<j  flo  Umc*  *  minute.    Tu  be 


a  minute.  Tlie  trace  reconls  ilic  *'ff(?cts  upon  ihe  lever  of  five  successive  com- 
plete pulsations  of  liie  arti:'ry,  which  all  agree  in  the  general  character  of  their 
details,  while  ditfering  in  minor  res])ects.  By  the  tracing  of  each  ptdsation 
the  uj>-&trolve  is  shmvn  to  be  siicMcn,  brief,  ami  steady,  while  the  down-stroke 
is  gradual,  protracted,  and  u'<'illutiiig.  TIk'  coninienciug  recoil  of  the  arterial 
wall  succeeds  its  expausiuu  with  some  suddenncs>.  In  many  sphvgmograms 
ihis  is  exaggerate*]  by  the  inertia  of  the  instrument.  As  shown  by  the  trace  rep- 
reseutet!  in  the  figure,  and  by  most  such  traces,  the  recoil  s<.Mjn  ciianges  from 
rapid  to  gmJual,  and,  in  the  trace,  its  |>roiracted  line  boajmcs  wavy,  indicating 
tlmt  the  slow  diminution  of  csdibre  varies  its  rate,  or  even  is  inteniiptcil  by  one 
or  more  slight  exi>an.si.)iis.  l>cA»re  it  reaches  its  lowest,  and  is  suttt^etlwl  by  the 
U]i-stroke  of  the  ix'xt  pnl^:iiioii.  In  each  of  the  five  successive  pulsations  the 
traces  of  whicfi  iirt-  >-hown  in  Figure  26,  the  line  which  represents  the  more 
gradual  p«>rtJoii  of  the  dowu-strokc  of  the  pulse  is  niade  up  of  three  waves, 
of  whicii  the  tirst  i*  the  shortest,  the  last  the  hmgest  and  lowest,  and  the  mid- 
dle one  intermediate  in  length,  but  by  far  tlie  highest.  This  middle  wave  is, 
in  fact,  the  ouly  one  of  the  liiree  to  produce  which  an  actual  ripe  of  pressure 
occurs ;  in  each  of  the  other  two,  no  rise,  but  only  a  dimiuisheil  rale  of  decline, 
is  exhibited.  The  changes  of  pressure  which  produce  the  first  and  thirtl  of 
the  waves  just  sjwiken  of,  in  the  pulse-traw  under  c<insidenition,  are  very 
obbcnre  in  their  origin,  and  are  inconstant  in  their  occurreniv,  sometimes  being 
more  uumcrons  than  in  the  tnice  shown  in  Fig.  26,  and  sometimes  failing 
altogether  to  appear. 

The  Dicrotic  Wave. — The  <^>scillution  of  pressure,  however,  which  pro- 
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duces  the  middle  wave  of  each  of  the  pulsations  of  Figure  26,  is  so  constant 
in  its  occnrrenoe  that  it  is  undoubtedly  n  normal  and  important  phenomenon, 
altlujutrh,  in  differrnit  Hphy^nio^nnus,  the  liei^ht,  aud  posttiftn  in  the  tnicf,  of 
the  wave  insjerihal  by  this  o.^rillatlon  may  vary,  Occasionally  this  oscilhition 
Is  morbidly  exaggeratefl,  so  that  it  may  be  not  only  reeordwl  by  the  sphygmo- 
grapb,  but  even  felt  by  the  tioirer,  as  a  sfH-ond  usually  Hnutlfcr  iip-stroke  of 
the  pulse.  In  such  a  eas«!  the  artery  Ib  felt  to  l>eat  twioe  at  eiich  niugle  beat 
of  the  ventricle,  and  is  said,  technieally,  to  show  a  "  dicrotic  "  *  pulse.  Where 
a  dicrotic  jnilse  can  l>e  detected  by  tlio  fint^er,  it  i;*  apt  to  accompany  a  mark- 
etlly  low  mean  tcusiorj  of  the  arti'i'ial  wall.  Tiie  dicrotic  pul.se  was  known, 
and  name<1,  long  befoix^  the  sphygmograph  revealed  the  fact  tliat  the  pulse  is 
always  dicrotic,  although  to  a  degree  m>rmally  tm>  slijijht  fi^r  the  tinger  to 
appreciate.  The  spljy^mograplnc  wave  which  records  the  sliglit  **dicroti8m" 
of  the  normal  pulse  is  called  the  *' dicrotic  wave."  Where  dicrolism  can  be 
felt  by  the  finger,  the  sphygmogram  naturally  exhibits  a  very  conspicuous 
dicrotic -wave. 

The  origin  of  the  dicrotic  oscillation  has  been  much  disewsse*!,  and  is  not 
yet  lhoi\)Ughly  settled,  important  as  a  complete  settlement  of  it  would  lie  to 
the  true  interpretation  and  cliuical  usefulness  of  tlie  s|jhygmogram.  It  is 
believptl  by  some  that  this  tiurtuHtioii  iif  prcssurt^  is  priKbicetJ  at  the  snjaller 
arterial  braocFies,  as  a  reflection  of  the  main  jMilse-wave,  aud  that  the  dicrotic 
wave,  thus  refli'<^tod,  travels  toward  the  htart,  and,  naturally,  reaches  a  given 
artery  at'ter  the  main  wave  of  the  pulse  has  passed  over  it,  travelling  iu  the 
opjwsite  direction.  The  weight  of  probability,  however,  is  in  favor  of  the 
view  that  the  dicrotic  M'ave  essentially  depends  njwjn  a  slight  rise  of  the 
arterial  pressure,  or  slackening  of  its  decline,  due  to  the  closing  of  the  semi- 
binar  valve  ;  nod  that,  ihereforc,  this  wave  f<dlows  tlit*  main  wave  of  arterial 
expansion  outward  frctni  the  heart,  insteatl  of  being  refleetwl  inwanl  from  the 
p<^ripliery.  If  the  dicrotic  wave  be  cause<l  solely  by  inflection  from  the 
jKriphery,  it  ought,  in  a  spliygmogram  from  a  peripheral  artery,  to  begiu  at 
u  point  nearer  to  the  highest  jioint  of  each  pulsation  than  iu  the  case  of  an 
artery  near  the  heart,  in  whicli  latter  vessel,  natundly,  a  reflected  wave  would 
undergo  postponement.  On  the  otiier  hand,  if  the  dicrotic  wave  be  trans- 
mitted toward  the  jwriphery,  and  caused  solely  by  the  closui^  of  the  aortic 
valve,  it  ought,  in  a  >phygmogram  fmm  a  peripheral  artx-r}',  to  occupv  verv 
nearly  the  same  relative  position  iis  in  a  sphygmogram  taken  from  an  artery 
near  the  heai't.  But  a  wave  running  toward  the  ]Teriphery  may  be  modified 
by  a  rerttH^ted  wave  in  the  same  vessel,  and  a  retlwted  wave  mav  nnilergo  a 
second  reflection  at  the  closed  nortic  valve,  or  even  elsewhere,  and  thus  give 
rise  to  an  oscillation  which  will  Ije  transmitted  toward  the  periphery.  These 
statements  show  with  what  technical  difficulties  the  subject  is  beset,  whether 
the  sphygmograph  l)e  employe^!,  or,  in  the  case  of  animals,  the  elastic  man- 
ometer, the  traces  recorded   by  which  also  exhibit  the  dicrotic  wave.     As 

'  From  SixpQToCt  doubte-beating. 
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aln-ady  stated,  however,  the  probabilities  are  in  favor  of  the  valvular  ongia 
of  the  dicrotic  wave. 

If  it  be  true  that  the  closure  of  the  aortic  valve  causes  the  dicrotic  wave, 
the  instant  marked  by  the  comnien(*nient  of  this  wave,  in  the  nianoiuetric 
trace  inscril)ed  by  the  pressure  withiu  the  first  part  of  the  arch  of  the  aorta 
itself,  practically  marks  the  instant  of  closure  of  the  aortic  valve.  Wc  have 
8een  (p.  130)  that  this  d(x:trine  has  been  made  use  of  in  the  elucidatiorj  of  the 
curve  of  the  pressure  within  the  ventricle. 

The  Diagnostic  LimitationB  of  the  SphygTuogrram. — The  fcoliui:  of 
the  pul:se,  imi*erfcct  as  is  the  nmst  skilknl  touch,  caniiol  be  rephu^l  by  the 
use  of  the  sphyg:mo^rrap!i.  The  presence,  between  the  cavity  of  the  artery 
and  the  surface  of  thi'  body,  of  a  (piantity  of  tissue  the  amount  and  elanticitv 
of  which  differ  in  diflercnt  pfopjc,  un^I  even  diflTcr  over  neiy:hbonny;  piiuts  of 
the  same  artery,  renders  it  impossible  so  to  adjust  the  spring  of  the  sphygrao- 
graph  as  to  be  able  to  Dl»tuiii  a  reliuble  biLse-line  ct^rrosponding  to  the  nbsi-issa, 
or  Hue  of  atniosjiheric  jn*esM)rc,  in  the  case  o\^  the  niaiionietric  curve  of  blmMl- 
pre88ure.  The  effects  producfnl  by  slight  differences  in  the  placing  of  tlie 
instrument  tend  to  the  same  result.  By  the  al)senoe  of  such  a  base-line  the 
sphygmographic  curve  is  shorn  of  quantitative  value  as  a  curve  of  bloixl- 
pressure,  and  cijuiiot  give  information  as  t«>  whether,  in  clinical  language,  the 
pulse  be  hard  or  soi\,  large  or  small.  Nor  can  a  loug  or  short  pulse  be  ideu- 
tifietl  from  the  appearance  of  the  spliygmogram.*  The  pulse-trace  still 
requires  much  elucidation ;  but  when  further  study  shall  have  rendered 
clearer  the  true  extent,  the  normal  variations,  and  the  causes  of  the  cx)mplex 
and  incessant  os<'ilIati4ins  of  the  walls  of  the  arteries,  it  may  well  Iw  l>e!ievcd 
that  lx)th  physiology  ami  practical  medicine  wJlI  iiave  gained  an  ini|>orlnut 
insight  into  the  laws  of  the  circulation  of  the  blood. 

P.  The  Movement  op  the  Lymph. 

The  Lymphatic  Ssrstem. — The  lymph  is  contained  within  the  so-called 
lymphatic  system,  the  nature  of  which  may  be  summarized  as  follows : 

The  lymph  appears  fii-st  in  inminu'rable  minute  irregular  gaps  in  the  tis- 
sues, which  gaps  conuuuuicate  in  various  ways  with  une  another,  and  with 
minute  lymphatic  vessels,  which  latter,  when  traced  onwanl  from  their  begin- 
nings, presently  st'v^unu'  a  structure  compamble  to  that  of  narrow  veins  with 
very  delicate  walls  and  extremely  numerous  valves.  These  valves  o])en  awav 
from  the  ga|>s  of  the  tissues,  as  the  valves  of  the  veins  open  away  from  the 
capillaries.  The  lymphatic  vessels  unite  t*)  form  somewhat  larg*fr  ones,  each 
of  which,  however,  is  of  small  calibre  as  e(mi})ared  with  a  vein  of  medium 
size,  until  at  length  the  entire  system  of  ve^tsels  ends,  by  numenius  o|)eniiigSy 
in  two  main  trunks  of  very  unequal  importance,  the  thoracic  duct  and  the 
right  lymphatic  duet.  The  latter  is  exceedingly  shoit,  and  receives  the  ter- 
minations of  the  lymphatics  of  a  very  limited  portion  of  the  body;  the  termi- 
nations of  all  the  rest,  including  the  lymphatics  of  the  alimentary  canal,  are 

'  M.  ron  Frer  :  Die  Untrrmtrhuvg  lUs  Putney,  1H92,  8.  35. 
Vol.  I.— id 


146 


-4iV  AMEBICAA'   TEXT-BOOK  OF  PHYSIOLOGY. 


rpceived  by  the  thoracic  duct,  which  runs  the  whole  leugth  of  the  chest. 
Both  of  the  mmn  ducts  luivc  walls  which,  relatively,  are  vury  thin  ;  and,  like 
the  smaller  lyniphatics,  the  ducts  are  abundautly  provide*]  with  valves  so 
disposed  as  to  prevent  any  regurgitation  of  lymph  from  either  duct  into  its 
branches.  Knch  duct  terminatt^  on  ime  side  of  the  root  of  the  nec-k,  where, 
iu  man,  the  ciivity  of  the  duct  joins  by  an  open  nnjuth  the  confluence  of  the 
internal  jugular  and  sul)claviaa  veins  where  they  form  the  innominate  vein. 
At  the  openin<r  of  each  duct  into  the  vein  a  valve  exists,  which  permita  the 
free  entrance  of  lymph  into  the  vein,  but  forbi<ls  the  entrance  of  blood  into 
the  duct. 

It  is  a  i)eculiarity  of  the  lymphatic  system  that  some  of  its  vessels  end  and 
bepin  by  open  mouths  in  the  so-wdleil  serous  cavities  of  the  Ikh^v — those  vast 
invsjiilar  interstices  InHween  organs  the  nieniljninous  walls  of  whit-h  interstices 
are  known  as  the  peritoneum,  the  pleune,  and  the  like.  For  present  purposes, 
therefore,  these  serous  ciivities  may  be  rej^arded  as  vast  local  expansions  of 
portious  of  the  lymph-patli.  Another  p^-uliarity  of  tlie  lympfiatic  system  de- 
pends uptui  the  preaenoe  of  the  lymphatic  glands  or  j^unglia,  which  also  arc 
intercalatetl  hei'e  and  there  Itctween  the  mouths  of  lyjujihatic  vessels  which 
enter  and  leave  them.  The  nature  and  importance  of  these  bodies  have  l^eeu 
referred  to  in  dealing  with  the  origin  of  the  leucocytes  and  the  nature  of  tlie 
lytnph  (p.  47).  For  the  pi-eseut  ]>ur}>ipses  the  ganglia  are  of  interest  in  this, 
that  the  lymph  which  traverses  tht*ir  texture  meets,  in  so  doing,  with  much 
resistance  from  irietiou.  Physiologiealiy,  therefore,  the  lymph-path  as  a  whole, 
extending  from  the  tissue-gaps  to  the  veins  at  the  root  of  the  neck,  both  differs 
from,  and  in  some  respects  i*esetnbles,  the  blood-path  from  the  c^ipillaries  to  the 
same  point. 

The  origin  of  the  lymph  has  l>een  discusse^l  already  (p.  71),  and  lias  been 
found  tt»  be  partly  (nwn  the  h\\)uy\  in  ihe  i-aipillaries,  and  partly  fmm  the  tis- 
sues, to  wiy  nothing  of  the  products  diretitly  al>aorl>e4l  from  tlic  alimentary 
canal  during  digestion.  The  quantity  of  material  which  leaved  the  lymph-path 
anil  enters  the  Idofnl  iluring  twt'uty-four  hours  is  undtiubt4?dly  large,  amount- 
iug,  iu  the  dog,  tu  abuut  sixty  cubic  centimeters  for  cacli  kilogram  of  budy- 
weiglit.  The  movement  of  the  lympli  is,  therefore,  of  physiological  import- 
ance;  and  the  causes  of  this  movement  must  now  be  considered. 

Differencea  of  Preeaure. — Tt  is  a  striking  fa<'t  tliat  in  man  and  the 
other  mammals  there  exist  no  "lymph-hearts''  for  the  maintenance  of  the 
lymphatic  flow.  Tlie  fundamental  causes  of  the  movement  of  the  lymph 
are  that  at  the  beginning  of  its  path  in  the  gaps  of  the  tissues  it  is  under 
cousiilurable  pressure;  that  at  t!ie  end  of  lis  jKtth  at  tlie  veins  of  the  tieck 
it  is  under  very  low  pressure,  which  often,  if  not  usually,  is  negative;  and 
that  throughout  the  lymph-path  the  valves  are  so  numerous  as  to  work 
etlectively  against  regurgitation.  The  pressure  of  the  lymph  in  the  ga|>s  of 
the  tissues  has  been  estimate<l  at  one  half,  or  more,  of  the  capillary  blood- 
pressure,^  wiiich  latter  has  been  stated  (p.  84)  to  be  from  24  to  54  milliraeters 

'  A.  liUnilerLr :  IHe  Oewftsspannung  in  (firem  Einfiuu  auf  die  ortlichc  Bltit-  uiuf  Lymphbewr^ng, 
Lcipitig,  1881,  S.  103, 
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of  mercury.  The  difference  l>etweeii  one  half  of  either  of  these  pressures  aud 
the  pre&Hure  in  the  veins  of  the  ueck,  which  pre^ure  is  iiot  far  from  zero,  is 
quite  enough  to  prmluce  a  flow  from  the  one  poiut  to  the  other.  To  this  flow 
a  resistflnce  is  caused  by  tlie  friction  along  the  lyniph-path,  which  resistanoe 
<»uses  the  lymph  to  accumuhite  in  the  gaps  of  the  tissueSj  and  t!ie  pressure 
there  to  rise,  until  the  tension  of  the  tissues  resists  further  iiccuniuliitiuii  more 
forcibly  than  friction  resists  the  onward  movement  of  the  lymph.  The  little- 
known  forces  which  contiiumlly  priHliico  frosh  lynipli,  and  pour  it  into  the 
tissue-gaps  agaiust  resistance,  cannot  be  discusnotl  here  further  than  has  been 
done  in  treating  of  the  origiu  of  tiie  lymph  (p.  71). 

Thoracic  Aspiration. — The  ciiiises  liave  alrcaily  Ik^cii  slated  fullv  of  that 
low,  |K^rha|)s  negative,  pressure  in  the  veins  at  the  root  t)f  the  nwk  which  ren- 
ders possible  the  continuous  discharge  of  the  lynvph  inlu  the  bltHxl  ([>.  05), 
It  need  only  be  note<l  hen^  tliat  wlien  luspiitition  rhytlunicidly  proiiuces,  or 
heightens,  the  suction  of  blood  into  the  chest,  it  must  also  produce,  or  heighten, 
the  suction  of  lymjjh  otit  of  the  mouths  of  the  thoracic  and  ri;_'[it  lympliutic 
ducts.  Moreover,  as  the  thoracic  duct  lies  with  most  of  its  length  within  the 
chest,  each  expansion  of  the  chest  must  tend  to  expand  the  main  part  of  the 
duct»  and  thus  to  suck  into  it  lymph  from  the  numerous  lymphatics  whirh 
join  tiie  duct  from  without  the  chest;  while  the  numerous  valves  in  the  duct 
mu*t  promptly  check  any  tciideucy  to  rr»gurgilatiou  from  tlie  neck. 

The  Bodily  MoTementB  and  the  Valves. — Like  the  flow  of  the  blood  in 
the  veias  the  flow  of  (he  lymph  in  its  vessels  \^  iMfUurrully  assistctl  bv  the 
pressure  exerted  upon  tfie  tliiu-\vallo<i  lympliatits  l>y  th«:  »tiutractious  of  the 
skeletal  muscles;  for  the  very  numerous  valves  of  the  lymphatics  render  it 
impossible  for  the  Ivmph  to  l>e  prcssetl  along  them  by  this  means  in  any  other 
than  the  physiological  direction  toward  the  venous  system.  Experimeut  shows 
that  even  passive  bending  and  straighteniug  of  a  limb  in  which  the  mus- 
cles remain  relaxed,  increases  to  a  very  great  extent  the  discharge  of  lymph 
from  a  divided  lymphatic  vessel  of  that  limb.  It  is  probable,  iherelore, 
tliat  movement  in  any  external  or  internal  j^art  of  the  IwKly,  however  pro- 
duced, tends  to  relieve  the  tension  in  the  tissues  by  pressiug  the  lymph  along 
its  pat  It. 

Conclusion. — The  movement  of  the  lymph  pro*iuccd  iu  these  various  ways 
is  doubtless  irregular ;  but  a  substauoe  in  solution,  injected  into  the  blood,  can 
be  identified  in  the  lymph  collected  from  an  ojM»ning  in  the  thoracic  duct  at 
the  neck  iu  frotu  four  to  seven  minutes  after  the  injw^tiou.*  The  physiological 
importatice  of  the  lymph-movement  is  shown  not  only  by  the  large  amouut 
of  matter  which  daily  leaves  the  lymphatic  svstem  to  join  the  blood,  but  also 
by  the  evil  effects  which  result  from  an  undue  acctmiulation  of  lymph,  more 
or  ]es«  changed  in  character,  in  the  gaps  of  the  tissues.  Such  an  aoeumulatiou 
constitutes  dropsy.  It  may  occur  in  a  serous  cavity  or  iu  the  sulx*utaneou9 
tissue;  in   the  latter  case  giving  rise  to  a  peculiar  swelling  which  "pits  on 


'  S.  T»c1)irwinFilcT :  "  Ziir  Frage  fiber  die  Schnelligkeit  des  LTrnphitromea  und  dcr  Lvrnph- 
fiUnUoa,"  VentmOAaU  JUr  Fhynut^r^  lS9-t,  Band  ix.  S.  49. 
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pressure."     Any  tissue  the  meshes  of  which  are  thus  engorged  with  lymph  is 
said  to  ho  "cEKlenmtous."  * 


PART  IL— THE  INNERVATION  OF  THE  HEART. « 

It  has  long  been  known  that  the  frog's  heart  can  be  kept  besting  for  tnauy 
hours  flfltT  its  removal  from  the  body.     In  1S8I,  Martin  sueecedcd  in  niain- 

taining  the  beat  of  the  dog's  heart  after  its  eomplete  isulation  from  the  rentral 
nervous  system  and  thi-  systeniie  I»Ux><,l-ve.s«el?<.  Ludwig  luid  Ins  pu|)ilH  have 
attained  the  same  result  in  a  different  way.  In  1H95,  Ijangendortf  was  able 
by  clrfiihiliiig  wanned  (*xygunati-*cl^  defibrinated  blood  (hiinii^h  tlit*  roroirary 
vessels  to  nuiintaiii  the  hearts  of  rabbits,  eats,  and  dogs  in  activity  after  tiieir 
total  e.\tir[uUioii  from  the  body.  Even  pieces  removed  fn^m  the  ventriele 
will  eontnu't  f(ir  hoiirrt  if  fi'd  with  bluod  throutrh  a  cariinrla  in  tlii'  branch  of 
the  coronary  artery  whieh  Hnp]>li('s  the*ni/^  It  is  I'vidrnt,  tliend'ore,  tliat  the 
eaurie  of  tltc  rliythnne  beat  of  the  heart  lies  witliin  the  iieart  i(S4.'lf,  and  not 
within  th*-*  eenlrul  nervous  system. 

Cause  of  Rhythmic  Beat. — It  has  beeu  tuiieh  disputed  whether  the  car- 
diac niu.st'le  |>tj>sesses  tlie  po^^er  of  rhythtuiad  coutmelion  or  whether  the 
rliythtnie  beat  is  due  to  the  periodic  stimulation  of  the  muscle  by  the  discharge 
of  nerve-impulsc8  from  the  gaug]iou-t«lls  of  the  lieart.  Tlie  arrangenient  of 
the  ganglion-eells  and  nerves  suggests  tlic  latter  view. 

like  Intracardiac  GangUon-cellit  and  Nerves. — In  the  frog  the  cardiac  ner%'e3 
arise  by  a  single  branch  from  each  vagus  trunk  and  run  along  the  great  veins 
through  the  wall  of  llie  ai]ius  venosus,  where  many  gungliaU'Cclls  are  found, 
to  the  auricular  septum.  Here  they  unite  in  a  strong  plexus  richly  provided 
with  gsinglimi-eells.  Two  nerves  of  unequal  length  and  thickness  leave  this 
plexus  and  pass  along  the  borders  *>f  the  septum  to  the  auricnlo-ventrieular 
junction,  where  each  enters  a  conspicuous  mass  of  cells  known  as  Bidder's 
ganglion.  Ventricular  nerves  spring  from  these  ganglia  and  can  be  Ibllowed 
with  tlu;  unaided  eye  stmie  distance  on  the  vetitricle.  With  tlie  ehloridc-of- 
gold  method,  the  methyleue-bluc  stain,  and  es|>ecially  the  nitrate-of-silvcr  im- 
pregnation, the  ventrietdar  nerves  can  be  traced  X*y  their  termination.  Some 
dift'erence  oi'  opinion  exist**  reganiing  the  manner  of  their  distribution  and  the 
precise  nature  uf  (heir  terminal  organs.  The  following  flict^,  however,  may  l)e 
considered  established  both  for  the  batrachian  and  the  mammalian  heairt.* 

The   ventricular  nerves  form  a  rich  plexus  beneath  the  pericardium  and 

'  Fmra  olrf^/m,  n  BwrllinjE;:. 

'Tlie  literattirc  of  ihu  innerTBtion  of  the  fieart  and  MofvE-vcueelsiannv  so  lorpe  that  only 
references  to  8i>me  <»f  ihe  priiR-ip:!!  invettti>;utioii!i  piilili!*lied  biiicc  lSi*t!  can  bejfiwn  Wn*.  For 
the  titles  of  wnrks  prior  to  (lint  date,  the  reuiler  nmy  eoti.'tulL  TigerRtetlt's  Lekrbuch  itrr  Pht/Atah- 
gitdr»  Rrtviaffff,  ISflS. 

^  Porter:  Journat  of  Expfrimmtat  Mtdietn^  lHfl7,  ii.  |i.  391. 

*  Tlic  lit«raluru  of  this  suhject  has  been  cuUected  by  Ileynianb  ani]  Deuiuor :  Arehivca  ^Bclge) 
de  Biotagit^  1895,  xiii    p.  619. 
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cn<lm>nrflinni.  BniDflirn  fmni  tln^so  ploxnsi's  fnnii  a  i\\\Ti\  |ilt'xn.s  in  t!v'  mvo 
funliiMit  ur  liL'iirt  inii.sck',  IVoin  wliich  arise  a  vast  iiiuuIkt  o^  nini-tm'«hillatiM| 
terminal  nerves,  enveloping  Uie  musKrle-fibres  ami  ending  in  small  enlargement* 
or  nodosities  of  various  iorinst.  Siiuilur  '*  varicose  '*  enlargements  are  oljs^erved 
along  the  course  of  the  nerves.  The  nerve-cndiugs  are  in  contact  with  the 
naked  muselo-substance,  the  mode  of  teniiiuahon  re^jenibliiig  in  general  that 
obeervetl  in  uon-striate*i  muticle.  Ganglion-cells  are  found  chiefly  in  the 
auricular  septum  and  the  aiiriculo-ventrieular  furrow,  htit  are  present  also 
Iteneaith  the  |»erieurdium  of  the  upper  hidf  of  the  ventricle.  No  ganglia  have 
as  yet  been  satisfactorily  denioustrated  within  the  apit^l  half  of  the  ventricle,' 
aiul  most  oI>strvers  do  not  admit  tlielr  presen<'e  witliin  the  ventricular  muscle 
it-^elf.      The  ntirve-cells  are  unipolar,  bi|>olnr,  or  umltipolar. 

Certaia  unipolar  cells  in  the  frog  are  di»titiguislied  by  a  npherical  form,  a 
pericellular  network,  and  two  processes — namely,  the  axis-t-ylinder  or  straight 
process,  and  the  spiral  pnxicfts.  The  latter  in  wound  in  >piral  fashion  about 
tlie  ajcis-cylimler,  ending  iu  the  pericellular  net.  Accoixiing  to  Iletzius  and 
others,  tlie  spiral  is  not  really  a  piXK'i'bs  of  the  cell,  but  arisei^  in  a  distatit  extra- 
cardiac  cell  and  carries  to  the  heart-cell  a  nervous  impulse  whieli  Is  transmitted 
from  the  spiral  prfXHss  to  the  cell  by  means  of  the  contact  lietween  tlie  jx'ri- 
cellular  net  and  the  cell-lMxly.  Section  of  the  i*ardiae  fibres  of  the  vagus 
causes  the  sjviral  "process"  and  jHiricellular  net  to  degenerate,  the  tell-l>ody 
and  axis-cylinder  process  remaining  untouchetJ,  showing  that  tlie  epiral  process 
is  the  terminal  of  a  nerve-fibre  running  in  the  vagus  trunk.* 

Xax^e-Uteory  of  Ihtirt-bvut. — The  tlieory  of  the  nerv*»UB  origin  of  llie 
heart-beat  rests  in  part  on  the  correspondence  between  the  degree  of  contrac- 
tility of  the  various  [Mirts  of  the  heart  and  the  number  of  nerve-oelLs  present 
in  them.  Thus  the  jMiwer  of  rhythmlcid  eontnictiou  is  greater  in  the  auricle, 
iu  which  there  are  many  cells,  than  in  the  veulriele,  in  which  there  are  fewer. 
The  |)roperties  of  the  apind  half,  or  "  apex,"  of  the  ventricle  are  considered 
to  be  of  especial  importance  in  the  study  of  this  problem,  l>e<'fluse  the  apex,  as 
has  been  said,  is  believed  to  euntain  no  gaugliou-cells.  Tliis  jmrt  of  the  ven- 
tricle stops  beating  when  separatwl  from  the  heart,  while  the  auricles  and  the 
ventricular  stump  ci>ntiuue  to  beat  The  apex  need  not  be  cut  away  in  order 
to  isolate  it.  By  lignting  or  stpieezing  the  fr(.>g's  ventricle  across  the  middle 
wilh  a  |)air  of  forcej)8  the  tiSKues  at  the  junction  of  the  upjK'r  and  the  lower 
half  of  the  ventricle  can  be  crushed  to  the  point  at  which  physiological  con- 
nection is  destroyed  but  physical  continuity  still  preser\'e4l.  Sticli  frogs  have 
been  kept  alive  as  long  as  six  weeks.  The  aiH.'X  does  not  as  a  rule  beat  agiLin, 
The  exceptions  can  be  explained  oa  the  consequence  of  accidental  stimulation. 
The  c«»nelusion  drawn  is  that  the  apex,  in  which  ganglion-cells  have  not  l)een 
Batisfactorily  demonstrated,  has  nut  the  power  of  spontaoeous  puliation  whicli 


*SchwMrU:  .4rdUv /Sr  mikronkepi^ekt  Anaiomitj  1899,  hii.  S.  63     Comparv  Du^iel :  Ibid,, 
&  237, 

'  Nikoligew  :   Arekw/Hr  Phytiologit,  1893,  Stippl.  Bd.,  S.  73. 
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distinguishes  the  remainder  of  the  heart.  This  view  is  further  supported  by 
the  observation  that  a  slight  Htimnlns  applied  to  tlie  base  of  a  resting  ventricle 
will  ofti_^n  provoke  a  series  of  eonlttictions,  wliile  tlie  same  stimulus  applied  to 
the  apex  will  cause  but  a  single  (■(Hitrar-tion. 

Much  may  be  hoped  from  comparative  studies.  In  the  niednsfe,  for  ex- 
ample, tiie  marj^in  of  the  swimniiuf^  bell,  by  tho  rhythmiral  contraetion  of 
which  the  animal  is  driven  through  the  water,  is  provide<l  with  a  double 
nerve-ring  and  ganglion-eells,  while  the  centre  contains  only  scattered  and 
infref|uent  ganglion-cells.  If  the  nnir^iii  is  scpanitcd  from  the  centre  and 
britli  are  placed  in  sea-water,  only  the  jwtrt  contiiining  many  nerve-celJs  beats 
riiytliniically.  Ltx^b  concludes  that  inasmuch  as  the  whole  mo<l«fla  {Oonione- 
mtt-it)  beats  in  sea-wattT  in  the  rhythm  of  the  margin,  tiic  faibire  of  the  iso- 
lated centre  to  bciit  in  (hat  medium  can  only  be  explained  Ity  the  lack  of 
nerve-cells.^ 

The  fact  that  the  normal  contraction  begins  in  the  sinus,  Howell  explains 
by  the  gnniter  sensitiveness  of  that  [nirt  tn  ehrmic'd  stimulation.* 

The  action  of"  tnuseanii  on  the  heart  is  often  held  to  in<iieate  the  nervous 
origin  of  the  lieart-beat.  Muscarin  arre«ts  tlie  heart  of  the  frog  and  other 
vcrteUratcH,  hut  has  no  similar  action  on  any  other  muscle  i'ithcr  striped  or 
smooth,  nor  does  it  arrest  the  heart  of  insects  and  moUusks.  It  follows  that 
niusearin  docs  not  cause  arrest  by  acting  <lirec{ly  ujion  the  contractile  material 
fif  the  heart.  Tho  eontmctilc  material  being  excluded,  th<'  assumption  of  a 
nervous  nu'chunisni  on  tlie  ititeirrity  t»f  which  the  heart-heat  d(tpends  seems 
neecsKiry  to  explain  the  effect  of  the  jxiison. 

Further  arguments  are  based  on  uncertain  analogies  between  tlie  heart  and 
other  rhythmically  contracting  orgJins. 

Mut*rtflttr  Thftn'if  uj  Htart-bfafJ' — 'V\\i>  evidence  just  statin]  cannot  be  re- 
gnnie<l  as  proof  of  the  nervous  origin  of  the  heart-heat.  The  most  that  can 
be  c]:dmed  is  thai  it  nuikes  sueh  a  conception  plausible.  The  enuse  of  the 
lieat  pi*ol>ably  lies  in  (he  conlraetih!  substance  ndlicr  than  the  nerve-»rell8. 
It  is,  at  all  events,  certain  that  the  cjirdiae  muscle  is  cajKible  of  prt)lnngtHl 
rhvthmic  contraction.  It  has  bi'cn  shown  that  a  strip  (if  muscle  cut  from  the 
upt»x  ot*  the  tortoise  vt^ntridc  and  suspended  ia  a  moist  chamber  begins  in  a 
few  hours  to  beat  apparently  of  its  own  accord  with  a  regular  but  slow 
rhythm,  which  has  been  seen  to  continue  as  long  as  thirty  hours.  If  the  strip 
is  cut  into  pieces  anri  placed  on  moist^*ncd  ghis,^  sluh's,  each  pieee  will  contract 
rhythmically.     Yet  in  the  a|tex  of  the  heart  no  ncrve-<ells  have  been  found. 

The  apex  of  the  batraehian  heart  will  beat  rhythmically  in  rcsjxjnse  (4*  a 
constant  stinuilus.  Thus  if  the  apex  is  suspended  in  normal  saline  solutitju 
and  a  constant  electrical  eurn-nt  kept  passing  thriaigb  it»  beats  will  a}>|iear 
afler  a  timcj  the  frtnjuency  of  pultuition  increasing  wtth  the  strength  of  the 

'  Loeb:  American  Journal  of  PhyBtology,  1900,  iii.  p.  383. 
*  Howell :   Ibid.,  ii.  p.  47. 

'A  Taluiible  bibliogmphy  is  given  hj  Engelmnnn :  Archiv  Jur  die  yaammU  Pkyaiologitj 
1896,  Ixv.  p.  109;  see  also  /6tk,  p.  635. 
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current,'  Very  strong  currpnts  cause  tonic  iX)Dtraction.  An  apex  made  inac- 
tive by  Boni.stein's  crushing  can  ho  made  to  lieat  iigain  by  clamping  the  aorU 
and  thuH  raining  the  cndcK-ardiac  prt'ssurr.  (*hcniical  ^^iiniulalitm  is  also  cHVmv 
tive,  Delphinin,  quinine,  niUHcarin  with  atnipiut  atropin  alone,  mor|»hin 
and  varinur*  other  alkaloids,  dilute  niinonil  acids,  dilute  alkalies,  bile,  rnKliuni 
chloride,  ahvhol,  and  other  bo<lies,'  when  paiiitt^l  on  the  resting  ventricle,  cull 
forth  a  longer  or  nhurter  series  of  beats.  Stimulation  witli  induction  shocks 
gives  a  similar  result. 

Other  muscles  in  whicli  no  ncive-cclls  have  been  discovered  can  contract 
rhythfnieally.  Thas  the  butbtis  luirtro  of  the  frog  l^eats  rcgidarly  nftiT  its 
removal  from  tlic  body,  even  the  smallest  pieces  showing  under  the  micn>^'ope 
rhythmical  ^.-ontnictions.  Engehuaun,  who  observed  this  fact,  <leclart*s  that 
the  entire  bulbus  is  larking  in  ncrveniells.  This  is  contnidicttxi  by  I>4>giel; 
yet  it  seems  hardly  ivasonable  timt  these  "smallest  pieces*'  which  EngL-lmann 
mention<«  were  each  provided  with  ganglion-cells.  It  is  more  probable  that  the 
contractions  were  the  result  of  a  constant  artificial  stimuhis.  Curarizod  stri- 
ated muscles  placed  in  certain  saline  solutions  may  contract  from  time  to  time. 
The  hearts  of  many  invertebrates  in  which  ganglion-oells  are  apparently  absent 
beat  rhythmically. 

Mnch  has  been  made  of  the  fact  that  the  ganglion-cells  grow  into  the  heart 
long  after  the  cardiac  rhythm  is  establlshetl,  showing  that  the  embryonic  hwirt 
muscle  has  rhythmic  uuntraclilc  ixiwers.  The  adult  heart  muscle,  it  is  alleg^xl, 
retains  certain  embryonic  pocullnrities  of  structure,  and  as  structure  and  func- 
tion are  correlatetl,  should  also  retain  the  embryonic  power  of  contraction 
witliout  nerve-cells. 

A  positive  demonstration  that  the  nerve-cells  in  the  heart  are  not  essential 
to  its  contnwtions  is  secured  by  removing  the  tip  of  the  ventricle  of  the  dog's 
heart  and  supplying  it  with  warm  dctibrinatcd  bliKwI  thi'ough  a  caiuujla  lied 
into  its  nutrii-nt  artery.  Long-toutinucil,  rliythnncal,  s|>ontaneons  contrac- 
tions are  thus  obtained.'  As  the  part  removed  contains  no  ner\'e-cells,  the 
observed  contractions  can  onlv  aris(*  in  the  muscular  tissue,  proviilcfl  we  make 
the  (at  present)  safe  assimjplion  that  the  nrrve-Hbrcs  do  not  originate  im- 
pulses capable  of  inducing  rhythmic  muscular  contractions.  The  demonstra- 
tion that  the  nervcHvlls  are  not  essential  to  contraction,  places  us  one  step 
nearer  the  true  (miusc  of  contrru^tion.  It  is  S4»me  agt^iey  at.'ting  on  the  <'on- 
tractile  substance.  Evidence  is  accumulating  that  this  agent  is  a  chemiml 
substance,  or  substances,  brought  to  the  contractile  matter  by  the  blood. 
For  this  chcnjicul  stimulation  calcium  is  nppaivntly  essential,  and  for  rhythmic 
contraction  and  relaxation  HowcU' finds  a  certain  pro(Hjrtion  of  ]Hita.s8ium 

'  lAngunilorfT:  Archiv/ur  dU  ffuammU  Pkynohgie,  1895,  UL  p.  S36. 

•  KKiaer:  Xrilarhrijl  ftir  JiifJo^ir,  1895,  xxxii.  p  6. 

•  Porter:  Joumo/  of  Kxpcrimtrntal  A/er/icinr,  18D7,  ii.  p.  391. 

•Howell:  American  Journal  of  Physiology,  1898,  ii.  p.  47;  Loeb:  /*«/.,  1900,  ill  p.  3M. 
The  r«n)«r  ts  recommended  to  examine  the»e  siiggcstiTe  papers  for  himself. 
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also  norrssiiry.  Sodium  oliloridr  must  bf  pr*\«ipnt  to  pivsorve  tho  osmotic 
ei|ui]iUr[iiiii  l>(!twtH:n  (Miiitmc'lilL*  tit^Htti'  and  sDi'i'mTtiliii^  ltt|uid.  A.s  phrased 
by  Iwoeb,  it  may  be  aft^umed  that  the  sotliuni,  calriiim,  ami  potassium  ioas 
must  exist  in  definite  pro|)*)rtioiis  in  thr  tissue  whielj  is  expected  to  show 
rhytlimieal  activity.  Only  so  lon^  as  tlicse  proportions  are  preserved  does 
the  tissue  possess  siicli  physical  pmperties  and  hiieh  labile  e4piilll>r[nm  us  to 
be  cai>ablc  td'  rliytliniical  processes  or  eiintr:ieti4)ns. 

The  Excitation-wave. — The  change  iti  form  which  constitutes  wliat  com- 
niouly  is  callc*!  tlie  caitliae  contnu'tion  is  precedetl  \\y  a  (*hange  in  electrical 
potential,  ?up}iosed  to  be  a  manifestation  of  the  uuknon'n  pt\>ecss  by  which  the 
Iieart-mi»scle  is  excited  to  contract.  Both  the  contraction  and  the  electrical 
change  sweep  over  the  heart  in  the  form  of  waves,  and  it  has  bec*>mo  the  cus- 
tom to  speak  of  the  ek^etrical  change  as  the  excitation-wave.  It  should  not  be 
forgfjtteu,  however,  that  this  usage  rests  merely  on  an  assumption,  tor  the  real 
nature  of  the  excitation  is  still  a  mystery.  The  contractioii-wavo  l)ej^ins  nor- 
mally at  tlie  ^reat  veins,  travels  rapidly  tlinmgh  the  auricle,  and,  after  a  dis- 
tinct interval,  spi-eads  tlircmi^h  tfie  ventricle-  The  excitation-wave,  which  ]>n'- 
cedcs  and  is  the  cause  of  the  contraction,  probably  takes  the  same  course,^  and 
in  feet  it  is  possible  to  show  that  the  change  in  electrical  potential  actually 
beijins  under  normal  cioiditinns  at-  the  j^rcat  veins  and  [msses  thence  over  the 
entire  lu^rt.  But  this  sei|nence  is  not  invariable.  The  ventricle  under  abnor- 
mal conditions  has  been  seen  to  contract  before  the  auricle,  the  nornml  sequence 
of  great  veins,  auricle,  and  ventricle  being  reversed,'  The  energy  of  the  ven- 
tricular muscle-wll  may,  therefore,  be  dis<:*liarg(H3  by  an  excitation  arising 
within  the  ventricle  itself.  Evidence  of  this  is  aJfordetl  also  by  the  experi- 
ment of  Wooldridge,  who  isolatwl  the  ventricles  by  drawing  a  silk  ligature 
tightly  about  the  auricles  at  their  junction  with  the  ventricleSj  c^.implctely 
crushiu;^;  the  muscle  and  nerves  of  the  auricle  in  the  track  of  the  ligature  with- 
out tearing  through  the  more  resistant  |3ericardium.  This  experiment  was 
repeated  the  following  year  by  Tigerstedt,  who  devised  a  special  clamp  for 
cmshiug  the  auricular  tissues.  Botli  observers  found  that  the  auricles  and 
ventricles  continued  to  beat.  The  rhythm,  however,  was  no  longer  the 
same.  The  ventricular  beat  was  slower  than  l>efore  and  was  indcjiendent  of 
the  heat  of  the  auricle.  Thus  the  vcjitricle,  imv  longer  coime<.'te<l  pliysiologicjilly 
with  the  auricle,  develo|>s  a  rhythm  of  its  own,  an  idio-ventricukir  rhythm.  It 
seems  improljal)le  that  the  very  small  part  of  the  auricular  tissue  which  cannot 
be  inolude<!  in  Wooldridge's  ligature  for  ff^r  of  cUisiug  the  coronary  arteries 
should   be  able  to  maintain  the  ventricular  contractiuus. 

Independent  contraction  is  said  to  be  secured  by  properly  regulated  excita- 
tion i>f  the  cardiac  end  of  the  cut  vagtis  nerve.  Stimuli  of  one  second  duration 
apjili^:^!  to  the  vjigus  at  intervals  of  six  to  seven  seconds  arrest  the  auricles 
completely,  but  do  not  stop  the  veotricles,  except  during  the  second  of  stimu- 
lation.    The  ventricles,  now  dissociatetl  from  the  auricles,  l>eat  with  a  rhythm 

'  BnttnKti:   Ijo  uprrimfntfiUj  1898,  li.  No.  2. 

"  Kct-eiiily  studied  by'Engelmann:  ArcMr  Jur die  fff^ammU  PhyviotogUf  1895,  Ixi.  p,  276. 
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-different  from  timt  wliitih  eharaeterized  (he  iiomml  lienrt.  The  force  of  thia 
denion^tnition  is  soinevvliat  wejikeiie*!  by  I  he  [Mirisibility  thut  (he  auricles, 
aUhuu^h  Lol  bcatini^  (herngelve$,  might  still  excite  the  veutricles  lo  contraction* 
ChmlttciloH  of  the  ExciUition. — Tf  the  jwints  of  non-|Kvlariziilfle  ele^'trotles 
are  plaeetl  on  the  surfaee  of  the  ventricle  anil  wnineeted  witii  a  ileJieate  galvan- 
ometer, a  variation  of  tlie  galvanometer  neeiUe  will  be  seen  with  each  ventrie- 
iilar  Iwat.  If  one  electrode  is  ])luc^'d  near  the  base  of  the  heart  and  the  other 
near  the  a|H'X  it  is  seen  that  the  former  oleetrode  bee<jmes  negative  Ix*fore  the 
latter,  iudieating  that  the  pari  of  the  heart  mn^le  on  which  the  basal  elcctrixle 
rests  is  stimulateil  before  the  apical  portion,  and  that  (he  diflerence  in  eleotriesil 
potential,  or  excitation-wave,  a^-ci^rdiog  to  the  prevailing  hypothesis,  travels  a-; 
a  wave  over  the  ventricle  fnmi  the  base  to  the  a|x?x  (see  Fig.  27).  Burdon- 
Sandersou  and  Page  liave  found  tliat  the  duration  of  tlie  difference  of  |H»ten- 
tial  is  alx»nt  two  sec<jiids  in  the  frtig's  heart  at  oitlinary  tempt^nUiires.  Cooling 
lengthens  tije  period  of  ncgativily,  warming  diminishes  it.  Sane  oljserverw 
believe  that  the  excitation-wave  nniier  certain  conditions  returns  toward  the 
ilttse  after  having  rcjichfxl  the  apex.  Thes|ieed  of  the  excitation-wave  hai*  l>eeu 
BseaBured  by  the  interval  between  the  ap[)«inuice  of  negative  variation  in  (he 
ventricle  when  the  auricle  is  stimulated  first  near  and  then  as  far  a^  possible 


Fiu.  27.— The  electrical  varUtiou  in  the  npuniaQeoiinly  coniracling  bean  of  the  trng,  recorded  by  a 
capUlary  electrometer,  the  a|iex  beliiK  rnnnerted  with  the  sulphiirlr  arid  and  thi*  bAM*  with  the  tnennirj 
of  the  elect  rum  eter.  The  change*  In  eleetriciil  poWutial  are  sUowti  by  the  line  f,  e,  wblcti  li  obtalued  by 
Khrtiwlni;  the  ahadow  oftbe  mercury  in  U\v  capillary  md  a  tniv«lHiiK  sheet  uf  ftenaltlacd  pAper.  The  con- 
trmcliiin  of  the  heart  ia  recorded  by  the  Hoc  A,  A  .  time.  In  /g  aecund.  by  I,  (.  Tho  curvM  read  fWim  left 
to  Ttgbt.  Ttie  elcotiicai  varlatloD  la  dlpluuitc :  In  the  drst  phase  the  boe  U  nesatKe  to  ibe  spox :  la  tba 
accDDd,  the  apex  la  otrgmtlve  to  the  baae;  the  ovgatlvv  rarlatlon  paaaea  aa  a  wave  fkxiDi  baae  tu  apem 
(Waller.  Xsn,  p.  221>. 

from  the  uon-|Kjlari2able  elet.*trodes.  The  interval  is  the  time  which  the  excita- 
tion-wave requires  to  pans  thedi.stance  between  the  two  points  stimulated.  The 
average  rate  is  at  least  50  millimeters  per  second.*  The  negative  variation 
begins  apparently  instantly  after  the  application  of  the  stimulus.  Its  pha-ses 
and  their  characteristics  have  been  deijcribed  by  EngelmauD. 
The  latent  peritxl  of  a  frog's  heart  muscle  ia  about  0.08  second. 

*  Riinliin-Siin<1erson  and  Page  {Joutital  of  Ph^fdology,  1880,  it.  p.  ^'1%)  give  125  millimeten 
per  lecotid. 
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Although  the  normal  course  of  the  exeitatioii-wave  is  from  base  to  apex,  it 
can  be  made  to  travel  in  any  dirt'ctiod.  If  the  frc^'e  ventricle  is  cut  with  tine 
Bcissors  inti»  a  number  of  picres  in  mirh  a  way  as  to  leave  small  bridges  of 
heart-tissue  between  each  piece,  and  any  one  of  the  pieces  is  sliniulated,  the 
contraction  will  begin  in  the  slimniated  piece  and  then  ruri  from  piece  to  pieoe 
over  the  €onne<iting  britl^ts  until  all  have  successively  wtntmeleil.  The  direc- 
tion in  which  tlie  excitation-wave  travels  (ran  thus  be  altered  at  t]»e  pleasure 
of  the  operator. 

Whether  the  excitation  is  projmjrated  from  niuficle-ccll  to  muscle-cell  or  by 
nteans  of  nerve-fil)res  has  p^iven  vine  to  much  discussion.  Anatomical  evidence 
can  be  adduce<l  on  lx)th  sides.  On  the  one  hand  the  ricli  plexus  of  nerve- 
fibres  everywhere  present  in  the  hoart'-muscle  su^ests  conduction  through 
nerves  ;  tm  the  othHr  is  the  intimate  contact  of  neijjhboriiit;  niiiscle-iidls  over 
a  [Kirt  at  least  of  their  surlace,  thus  bringing  one  mass  of  irritable  proto|»lasra 
against  another  and  (*ffering  a  path  by  which  the  excitation  might  travel  from 
uc^ll  to  («1L 

If  the  excitation-wave  were  condneled  by  means  of  nerves,  the  dillereuce 
between  the  moment  of  contraction  of  tlie  ventricle  when  the  auricle  is  stimu- 
latefl  near  the  ventricle,  and  again  as  far  as  possible  from  the  ventricle,  should 
be  very  slight,  iHsi-aiise  of  the  grt^t  speeti  at  whicli  the  nervous  impulse  travels 
(about  33  meters  jjer  second).  If,  on  the  tH>ntrary,  the  conductiou  were  by 
means  of  muscle,  the  difference  would  be  relatively  ranch  gi-eater^  correspond- 
ing to  the  much  slower  i-onductivitv  of  mus^nilar  tissue,  Tt  bus  be<'n  found  by 
Engelmann  that  the  ventricle  contracts  later  when  the  auricle  is  stimulated  far 
from  the  ventricle  than  when  it  is  stimulated  near  the  ventricle.  The  rate  of 
propagation  being  calcidated  from  thcdiflcnTice  in  ihe  time  of  ventricular  con- 
traction was  found  lo  be  liO  millimeters  per  second,  which  is  about  3tHJ  times- 
less  than  the  rate  which  would  have  been  obtained  had  conduction  over  the 
measured  distance  ttiken  place  through  nerves.'  Hence  tiie  stinuilus  that  trav- 
els through  the  auricle  to  the  ventricle  and  t-auses  its  ctrntruction  should  l)e 
propagated  in  the  auricle  by  musele-fibres  and  not  by  nerves. 

It  is  possible  to  cut  the  ventricular  muscle  in  a  zigzag  or  Hpind  fa.shion 
that  makes  probable  the  severance  of  all  the  nerve-Hbrcs  in  tlie  line  td'  the 
cut,  and  yet  the  contraction  will  |kiss  from  one  euil  to  the  other  of  the  ist)latcd 
strip.* 

Passage  nf  Excitaiion-wai'c  from  Aiirkk  to  Ventricfc. — The  normal  oou- 
tractiou  of  the  heart  Iw^gins,  as  has  b<^n  said,  at  the  junction  of  the  great 
veins  and  the  auricle,  spreads  rapidly  over  the  auricle  and,  after  a  disticct 
pause,  reaches  the  ventricle.  The  normal  excitation- wave  preceding  tlic  con- 
traction passes  likewise  from  the  auricle  to  the  ventricle  and  is  delayed  at  or 

'  Engtelmann  :  Arehivjvr  die  ffftammte  Pkyeioiogiey  1896,  Izii.  p.  549. 

'  Porusr:  AmtrUan  Journal  of  I^ytiohgy,  1899,  iL  p.  127.  Tbe  co-urdination  of  the  ven- 
tricles ia  diactiwed  in  this  paper,  and  alao  by  von  Vinlscligaii :  Arrhiv  Jur  die.  gtaammU  Phyti- 
oiogie,  1899,  Uxvi.  p.  69. 


CIHCVLATION, 


155 


I 


near  ihe  aurk'nlii-vt'iitrieular  jiiiictiun.  The  txiutroversy  over  tlie  nervous  or 
muscular  conduction  of  tht^  excitiition  within  the  auricle  and  ventricle  has 
been  cxtcndetl  to  ilj;.  passage  frf>ni  auricle  to  ventricle.  A  path  for  conduction 
by  nerves  is  presentoil  by  the  numerous  nerves  which  go  froin  the  auricle  to 
the  ventricle.  It  ha^  been  shown  recently  that  tiiu.*cular  connections  also 
exist.  In  the  frog,  muscle-bundles  paas  from  the  auricle  to  the  ventricle 
where  the  auriculnr  Hcptuni  adjoins  the  Imisc  of  tlie  ventricle.  Muscular 
bridges  pass  also  from  the  hinus  venosus  to  tlie  auricles  ami  from  tlie  ventricle 
to  the  bulbus  artcriosuaJ  These  muscle-fibres  ap|)ear  to  be  in  intimate  eon- 
ta<'t  with  the  musclc-cclls  of  the  divisions  of  the  heart  whiili  they  unite.  Gas- 
kell  Ix'Heves  that  ihecttnnecling  (ibrcs  are  uiorpholo^icalJy  and  physiologically 
related  to  embryonic  muscle,  and  therefore  possess  the  power  of  contracting 
rhythmically. 

The  delay  exj>criij[»vd  by  the  cxcitatiou  in  its  passage  from  the  auricle  to 
the  ventricle — in  other  wonls,  ihc  normal  interval  l»etween  the  contraction  of 
the  auricle  and  the  conti*action  of  the  ventricle — is  explained  by  thtwe  favoring 
the  nervous  conduction  as  the  dehiy  which  the  excitation  exi>erieuce3  in  dis- 
(rliargiug  the  gangliou-cclls  *d'the  ventricle,  in  acconlance  with  the  well-known 
hypotheses  of  the  retardatioti  of  the  nerve-impulse  in  symjmthetic  ganglia 
and  the  slow  passage  of  the  nervous  inj|iulse  ihmugh  spinal  cells. 

Tlio  explanation  given  by  those  whn  believe  in  mascnliir  (^induction  is  that 
the  small  number  of  muscular  ^bres  nnufiosing  the  bridge  between  auricle 
and  ventricle  acts  as  a  *'  block  "  to  the  exritation-wave.  If  the  auricle  of  the 
tortoise  heart  ia  cut  into  two  pieces  ooimected  by  a  small  bridge  of  auricular 
tieeue,  the  stimulation  of  one  piece  will  be  followed  immciliately  by  the  con- 
traction of  that  piece,  and  after  an  interval  by  the  contniction  of  the  other. 
The  smaller  the  bridge,  the  longer  the  interval;  that  is  the  longer  the  excita- 
tion-wave will  Ik'  in  pissing  from  one  pit^^  to  another. 

The  duration  of  the  pause  or  '*  bkick  "  in  the  frog  has  been  found  to  Ijc  from 
0.15  to  0.30  second.  The  length  of  the  muscle-tibres  connarting  auricle  and 
ventricle  is  about  one  millimeter.  The  speed  of  the  excitation-wave  in  em- 
brj'onic  heart  muscle  is  fmm  3.6  to  11.5  millimeten*  per  second.  The  duration 
of  the  pause  agrees^  therefore,  with  the  time  wliich  would  be  required  for 
mus(.'u]ar  conduction.' 

The  extensive  extirjwt ions  of  the  auricular  nerves  which  have  been  made 
without  stopping  conduction  fi"oni  aurit^le  to  ventricle*^ — for  example,  the  ex- 
tirpation of  the  entire  auricular  septum  of  the  frog's  heart — are  of  little 
importance  to  this  question,  since  the  great  number  of  nerve-oella  revealed  by 
recent  methods  make  it  improbable  that  any  extirpation  short  of  total  removal 
of  both  auricles  could  cut  t>ft'  all  the  nerve-cells  of  the  auricle. 

It  \&  possible  to  explain  the  occurrence  of  int<-rmittcnt  or  irregular  con- 

'  Engetmftnn :  Attkw  JiAr  die  gemimmfe  Pk^tiioloyief  1894,  Ivi.  p.  15& 
'Rngelmiinn  :   Mi</.,  p.  1*50. 
Mlufinaiiii:  //>iW.,  18B5,  Ix.  p.  109. 
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tractions  by  alterations  in  the  (.Mnuluctivily  or  irritability  of  the  several  parts 
of  the  heart  aiiccessivoly  traveraed  by  the  excitation  wave.  For  exanjjUe, 
a  lessening  of  the  normal  conductivity  at  the  aiirioulo-vontricular  junction 
nii|Jrht  jHTiint  only  every  set;ond  t-iuo-auricular  inipul^  to  reach  the  ventricle; 
in  this  i-ase  the  ventricle  would  drop  every  second  beat.  The  .same  intcr- 
mittence  would  result  if  the  irritability  of  the  ventricle  were  so  far  redutvd 
that  it  could  not  respond  to  the  mirmal  excitation.'  Enj^elnuinn  luis  recently 
found  that  ventricular  systole  lowers  the  conductivity  of  the  ventricle  for  a 
time."^ 

Refractory  Period  and  Compensatory  Pause. — SchiR*  i^mnd  in  1850 
that  the  heart  which  eontmctetl  to  each  KtiruuluH  of  a  series  of  slowly  repeated 
mechanical  stimuli  would  not  contract  to  the  same  stimuli  if  they  followed  each 
other  in  too  rapid  succession.  Kronecker  got  a  similar  re-iilt  with  induction 
shocks.  The  heart  cuntracte<l  to  every  stimulus  only  when  the  interval  l>etween 
them  was  not  too  brief.  The  following  year  Marey  published  a  systematic 
study  of  the  phenomenon.  He  observed  that  the  irritability  of  the  heart  sank 
during  a  jmrt  of  the  systole,  but  i-eturnei!  during  (he  remainder  of  the  systole 
and  the  following  diastole.  The  stimulus  which  fell  l>etween  the  beginning  of 
the  systole  and  its  maximum  produced  no  extra  contraction,  whilst  that  which 
fell  iK'tween  the  mnximum  o^  one  systole  and  t!ie  beginning  of  the  n€xt 
called  forth  an  extra  eonrractian.  Duriiig  a  piirt  (tf  t!ie  I'iU'diac  (yele  therefore 
the  heart  is  **  refractory "  toward  stimuli.  The  irritability  of  the  heart  is 
removed  for  a  time  Ijy  an  adecjuate  stimuhis. 

Kronecker  and  Marey  noticed  further  that  stimulation  with  the  induction 
shock  during  the  n<in-refractory  period  did  not  influence  the  total  number  of 
tfvstoles.  The  extra  systole  called  forth  by  tfie  artificial  stimulus  was  followed 
by  a  pause  the  length  of  which  was  that  of  the  normal  pause  plus  the  iDter\'al 
between  the  appearance  of  the  extni  systole  anil  what  would  have  been  the  end 
of  the  canliac  cycle  in  which  tlie  extra  systole  fell.  The  extra  length  of  this 
pause  restored  the  normal  frequency  or  rhythm.  It  was  called  the  compensa- 
tory pause  (see  Fig.  28).* 

The  systole  following  the  extra  contraction  and  its  coni|x»nsatory  pause  is 
of  marked  strength,  at  least  in  the  surviving  niamnialian  heart  (cat).  The 
weaker  the  extra  systole  the  stnmger  the  firr^t  sirbsequent  contraetitm. 
The  unusual  force  of  this  *' com|it^nsatory  systole"  may  serve  to  compensate 
the  loss  in  the  taitpnt  of  the  heart  in^'itleut  to  the  disturbance  in  iti^  dithym.* 

If  the  heart,  or  the  isolated  apex,  is  beating  at  a  rate  so  slow  that  an  extra 
contraction  falling  in  the  interval  between  two  normal  contraptions  has  time  to 
romplct^  its  entire  phas*'  before  the  next  normal  contraction  is  due,  there  will 
be  HO  compensatory  pause.^ 

*OehrwaU:  Skandiuaviacha  Arthivfur  Phynofo^ie,  1H98,  viii.  p.  1, 

*  Engelmann  :  Arrhirjiir  lUt  fjftammte  Phyfinh^U^  ISUfl,  Ixii.  p.  643. 

*  Courtage:  Arehivf*  de  Phytiioloffie,  1897,  p.  69. 

*  LangeiidorfT:  Archiv  fur  dit  ijcMxmmte  Physiohyie,  1898,  Ixx.  p.  473. 

*  Kaiser:  Yjeitaehrift  fir  Bioiogie,  1895,  xzxit  p.  449. 


JK             The  refractory  phase  ilisnpiH^ai-s  with  siiHieicntly  fitn^ng  stimuli,  especially             ^^M 
if  the  heart  is  warturc].     In  such  a  case  an  artificial  8tin»uhi,s  falling  in  the              ^^H 
^.          iM'ginning  of  a  HiH>nram'4iiis  contraction  produces  an  extra  c«nitnioli<»n.     This              ^^U 
^M        extra  contraction,  how<"ver,  conies  firstafter  theendof  the  systolt?  during  Mhich              ^^U 
^M        the  artifurial  ^timnhition  is  made,  <x-cnrriug  in  fuet  tow:trd  the  I'nd  of  the              ^^| 

^P                ?n.  %-The  n 

^^           rating  on  the  vent 
lieluw  earh  curve  i 
runres  1,  2,  aud  3  th 
hiivins  fitlleD  ouU 

Muiy  of  tbe  [tbooo 

1 

^_         following  diast 
^B        Uic  length  of  t 
^B       systole. 
^H             A   refractoi 
^H       and  dog  ;'  in 
^m        VCU0HU8  ami  h 
^1        the  lobster.^ 

^^ft               '  Kngelmunn 

^P               *  Meyer  :Jir 

^         1M7,  ixLp.  213. 

>  Hunt,  Bock 

ifnclory  period  *tt<J  comtH'Usa.tfiry  s>ftUM.  The  cunvsftiv  rccordtil 
ricle  i»f  Ihe  (th^'m  heiirl.    Thuy  n'»d  from  left  to  right.    A  bruak  lu  t 
iritcnte't  the  motnt'iit  at  which  an  Induction  shock  wu  kcntthrrmfth 
e  venlrlclf  proved  rfrmc-tory  to  this  stiniulufe;  In  the  rt^malaliiK  cu 
de  ihe  rufrartory  iKritxl,  an  vxtra  conlrnctJon  and  tuiuiK'iiMtor) 
tiieoB  meniloncd  In  the  text  are  miutrat^rd  by  thla  ngurc  (Marcy.  Iff 

x)le.     The  latent  period  of  such  a  eontnu'tion  le 
)e  interval  between  tbe  artiHciul  .stimulation  and  t 

'v  |H'rio<l  has  been  denioniitnited  in  the  auricle 
the  ventriric  of  the   cat,  rabbit,  and   dog,  and 
ulbus  arteriosus  of  the  frog.     It  is  said  not  to  k 

;  Arrhir/ur  fiU  gfwamnttt  Phj/notoffit,  18W,  lix.  p.  322. 

K»vA  tit  Ph^Mulmjir,  ISiKi,  |».  185 ;  Cuahay  Biid  Mallliews :  J<mn 

luaiit  and  Tiemcy :  VktUraibiaU  f^r  Phyatologie,  1897,  xt  p.  27 

by  a  wrfUuc  lever                 ^^^| 

10  burixdiiul  Duo                  ^^^^| 
the  ventricle.    In                   ^^^| 
rvec.thvcUiDulas                  ^^^| 
f  pauM  aru                               ^^^| 

ngthenH  with              ^^| 
\\ii  end  of  the              ^^| 

of  the  frug'              ^^1 
in  the  ninurt              ^^| 
»e  pre.Hent  in             ^^| 

to/  of  Ph^ttolo^y,                   ^^H 
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In  some  cases,  the  extra  stimulus  pruvokes  not  merely  one,  but  two  or  three 
extra  oontractious. 

The  amplitude  of  the  extra  cH:)iUraction  increases  with  the  length  of  the 
interval  lietween  the  maximiun  of  conlraetion  ami  the  extra  stimulus.  If  the 
extra  stimulus  is  given  at  the  Iwjj^imiiug  of  relaxation,  the  extra  contraction  is 
exceedingly  small ;  on  the  otlier  hand,  the  extra  contraction  may  be  greater 
than  the  primary  one,  when  the  stininlus  falls  in  the  pause  between  two  normal 
beatrf. 

The  isupplementary  systole  of  the  auricle  is  sometime*'  followeil  by  a  sup- 
plementar)'  systole  and  compensatory  pause  of  the  ventricle,  sometimes  by  the 
compensatory  pause  alone^  prol>ably  because  the  excitation  wave  reaches  the 
ventricle  during  its  refraetory  period.  Multiple  extra  (XtotriK'tions  of  the 
auricle  are  often  followed  by  the  same  nunjber  of  extra  contractions  of  the 
ventricle.  If  the  frog's  heart  is  ma<le  to  beat  in  reversed  onler,  ventricle 
first,  auricle  second,  extra  contractions  of  the  veutiicle  may  he  prmhieed,  and 
will  cause  extra  contractions  of  the  auricle  with  comj>ensutory  pause.  If  the 
reversed  excitation  wave  travelling  from  the  ventricle  to  the  auricle  reaches 
the  lath'r  during^  auricular  systole,  the  extra  auricular  conlnw^tion  is  omttteil. 
but  a  distinct  thoujjh  shortened  compensaloiy  pause  is  still  oliserved.  The 
phenomena  wiih  rovei'sed  contraction  are  therefore  similar  to  those  seen  under 
the  usual  couditioDS.' 

Kaiser  finds  in  frogs  poisoned  with  mnscarin  that  stimulation  of  the  ven- 
tricle during  the  refractory  period  rauses  the  tx>ntraction  iu  which  the  stimtdus 
falls  to  be  more  complete,  as  shown  by  tlie  contraction  cur\'e  rising  above  its 
former  level.  He  <v^ncludes  that  the  ventricle  is  not  wholly  inexcitable  even 
duviu^  the  refractory  jwriotl. 

The  question  whether  the  refractory  state  and  compensatory  pause  are 
pro|K*rties  of  the  muscle-substance  or  of  the  nervous  system  of  the  heart  has 
excited  considenible  atteutiou.  If  the  gtUigliou-free  apex  of  the  frogs  ven- 
tricle is  stimidnttHl  by  rapidly  repeated  induction  shucks  it  can  be  made  to  con- 
tract peritnlically  for  a  time.  By  momentarily  increasing  the  strength  of  any 
one  induction  shock  an  extra  stimulus  can  be  given  from  time  to  time.  When 
the  extra  stimulus  falls  after  the  contraction  max iiu urn  or  during  diastole  an 
extra  contraction  results,  otherwise  nut.  The  refractory  {teritid  exists,  there- 
fore,  inde|K'ndently  of  the  canliae  ganglia. 

The  (^mpcusalory  |)ause  can  also,  though  not  always,  lie  secured  with  the 
gangh\»n-free  apex.* 

The  refractory  period  has  l>een  used  to  show  bow  a  continuous  stimulus 
might  produce  a  rhythmic  heurt-beat.  The  continuous  stimulus  cannot  affect 
the  heart  during  the  refractory  period  from  the  l>eginniiig  to  near  the  maxi- 
mum of  systole.     At  the  close  of  the  refractory  period  the  constant  stimulus 


*  Kaiuer  :  ZritMhri/t  Jur  Siologit,  1895.  xxxii.  p.  19. 

^Kauer:  Ibid^  p.  449;  for  experimeuts  on  the  embrro,  sec  Pickeriug-  Journal  nf  Physi- 
otof^,  1896,  XX.  p.  165. 
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becomes  effective,  causing  an  extra  contraction  with  long  latent  poritxl.  TIiib 
latent  perio<l  is,  iiccordiug  tu  this  tlieory,  the  interval  between  the  first  anil  the 
secoml  contraction. 

A  tonic  contraction*  of  the  heart  muscle  is  sometimes  ])roduced  by  strong, 
rapidly  re^)efittHl  iinluction  shocks  and  by  various  other  mcanB,  such  as  filling 
the  ventricle  with  idd  ltlo<jd,  by  weak  sodium  hydrate  solution,  and  by  certain 
poisons,  such  as  digitaliu  and  voratrLn. 


A.  The  Oardiac  Nerves. 

The  oardiac  nerves  are  brunrhoi  of  ttie  va^iis  and  the  syni|mthetic  nerves. 

In  tlie  doy  the  vagus  arises  by  about  a  dozen  fine  nwjts  from  the  ventro- 
lateral aspect  of  the  medulla  and  jMVsses  outwartl  to  tlie  jugular  foramen  in 
comj)any  with  the  spinal  accessory  nerve.  In  the  jugular  canal  tlie  vagus 
bears  a  ganglion  tilled  the  jugular  ganglion.  The  r^pirml  accessory  nerve 
joins  tlie  vagus  here,  the  spina!  portiou  almost  immediately  leaving  the  vagus 
to  be  distributed  to  certain  muscles  in  the  neck,  while  the  medullary  jiortion 
passes  to  the  hairt  througJi  the  trunk  ganglion  and  thereafter  In  the  substance 
of  the  vagus.  Directly  afler  emerging  from  the  skull,  the  vagus  presents  a 
second  ganglion,  fusiform  in  slia(»e  and  in  a  fairly  large  dog  alx>ut  one  centi- 
meter in  length.  From  the  ^-nudal  end  or  middle  ftt'  tla^^  *'  ganglion  of  the 
trunk "  is  given  off'  tlie  sujierior  laryngeal  nerve,  slightly  behind  which  a 
large  nerve  is  seen  jiassing  tVom  the  sym|>;uhetic  chain  (o  the  trunk  of  the 
vagus.  This  nerve  is  in  reality  the  main  cord  of  the  sym|>athetic  chain,  the 
ajmpathetic  nerve  l)eing  h*iun<l  uj)  with  the  vagus  from  the  *'  inferior"  cervical 
gangliou  to  the.|>oint  just  mentioned.  Posterior  to  the  trunk  ganglion  of  the 
vagus,  the  vago-sympathetic  runs  caudaiward  as  a  large  nerve  dorsal  to  the 
common  carotid  artery  a>*  far  as  the  first  rib  or  near  it,  where  it  enters  the 
so-ealle<l  inferior  <?ervical  ganglion.  This  ganglion  belongs  to  the  symjmthetic 
^'stem  ami  not  to  the  vagus ;  from  a  morphological  point  of  view  it  is  the 
middle  cervical  sympathetic  ganglion.  The  true  inferior  cervical  sympathetic 
ganglion  is  fused  with  the  first  one  or  two  thoracic  ganglia  to  form  the  gan- 
glion stelhitum,  situated  opposite  the  first  intenxistal  sjmce.  At  the  **  inferior 
cervical "  ganglion  the  vagus  and  the  sympathetic  jwrt  comjxiny,  the  vagus 
passing  ouidalwarrl  Ix^hind  the  root  of  the  lung  and  the  sympathetic  passing 
to  the  stellate  ganglion,  dividing  on  it.s  way  into  two  portions  (the  anuulus  of 
Vieussensl,  whicli  endinuH*  the  subclavian  artery'.  In  many  case's  the  lower 
loop  of  the  anuulus  of  Vieussens  joins  the  tnink  of  the  vagus  caudal  to  the 
ganglion. 

The  canliac  nerves  spring  from  the  vagus  and  the  sympathetic  ner\'e  in 
the  region  of  the  inferior  cervical  ganglion.  They  may  be  divideil  into  an 
inner  and  an  outer  group. 

The  inner  grijup  is  crmipostMl  of  one  me«lium,  one  thick,  atid  two  or 
three  slender  nerves.     The  nerve  of  mtnlium  thickness  springs  fnuu  the  gan- 


'Hunt,  Bookmftti,  and  Tiemev:  OenimUtlatt  fur  Phynoloyu,  1807.  xi.  p.  274. 
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Fio.  29,— Cardiac  plcxun  and  alclUte  gangUuti 
of  the  oat.  dra%Yn  from  nature  after  the  removal  of 


glion  itself.     The  thick  branch  rises  from  the  trunk  of  tlie  vagus  near  the 
origin  of  the  inferior  laryngeal  nerve  about  1.25  centimeters  04iudal  to  the 

inferior  oervieal  ganglion.  It  can  be 
easily  followed  lo  its  final  distribution. 
It  |)as8e8  behind  the  vena  cava  siifxriur, 
perforates  tlio  jjericardinui,  and  runs 
parallel  with  theascemling  aoiia  across 
the  pulmonary  artery,  on  which  it  lies 
in  the  connective  ti-ssne  already  di\nded 
into  two  or  throe  tolerably  thick  twigs 
or  spread  in  a  fan  of  smaller  bmnches. 
These  n(jw  bend  Ix^neath  the  artery, 
pass  round  its  base  on  the  inner  side, 
and  reach  the  anterior  inter-ventricular 
groove.  Here  they  spread  over  (he 
surface  of  the  ventricle.  The  slender 
branches  leave  the  vagus  trunk  caudal 
to  the  branch  just  Hescril>otl. 

The  outer  groupcomprises  two  thick 

the  artcrlca  and  vpIdb:  about  oneand  one-half  Umea     i^_„,„,l«^.      ««t.,qK.      an      Mt^ruii.     i^a^-ira 

i,«tumui.ecBoehm.i«7r,.p.258.:  hrauches— namely,   an    upper   nerve, 

if.  Tight :  L, left:  1. 1,  romis  nerve:  2,  cervical    springing  frfirn  the  ganglion  or  from 

sympathetic;  y.anuulus  of  Vluu»»cna;  2", thoradc  ^i         '~       «       ..  ±\                                 -x           i 

«yTi.,«thctlc;  a.  reiurrent  laryngeal  nerve;  4.  de-  "le    trunk  ot    the  vagUS  near  it,  and  a 

prewor  nerrc.  entering  the  vagUB  on  ihc  riKhl.  on  luwer   nerve,  froui   the   lower   loop  of 

the  left  runnfn(r  a  jtepamte  rourse  to  the  heart ;  ,                   ,                  ,             .                       t     i  i 

S^mldtUe  (onen    tallert  "  Inferior ")  rorviral  gan-  the    anUUlUS,  or    troni    the   VagUS    1-lf 

giion:  .V.  cominunioaiinK  branch  bctweL-n  middle    oentiuielers  lowerdowu.    Each  of  these 

oerrical  ganglion  and  vagiia  iien-e:  f>,  stelUile  gau- 

glion.  6'.G"  6'",  Bpinai  rw.iB  nfnteUiitt!  gnr.giinn;  thick   bmnclies  utav  be  IVphRl^l  by  a 

7.  commnnicalion  between   BteHato  ganglion  and  i^^^^^^^],,   uf  Hner   branches,  and    in   fact 
T«gU8  ;  P  ,  8 ',  »   .  enrdlai*  nerves.  ' 

(he  iJescrtption  of  the  cardiac  nerves 
here  given  can  be  regarded  a.^  a  close  approximation  onlvj  so  frequent  are  the 
individual  variations.* 

In  the  yabfjif  the  crrvical  sympathetic  and  the  vagus  trunk  an-  not  joined, as 
in  the  dog,  but  run  a  separate  course.  Cardiac  libres  from  the  s]>in:il  cord  rciu^h 
the  lower  cervicjil  and  first  thftracic  ganglion  (ganglion  stcUutum)  along  their 
rami  eoinmunicantesanJ  jwiss  to  the  heart  by  two  sympathetic  canliac  nervtjs, 
one  from  thn  inferior  cervical  gangli(>n  and  one  from  the  ganglion  stellatum. 

Tlnv  arningemcnt  of  the  caniiae  nerves  in  the  oat  is  sliown  in  higiire  29. 

In  the  frog  the  ciirdiae  nerves,  both  vagal  and  synijmthctic,  reach  the  heart 
thnmgh  the  splanchnic  branch  of  the  vagus.  The  sympatlietic  fibres  pass  out 
of  the  spinal  cord  with  the  third  spinal  nerve,  through  the  raiiuis  coniniutiicans 
of  this  nerve  into  the  third  sympathetic  ganglion,*  up  tlie  symjMithetio  chain 
to  the  ganglion  of  the  vagus,  and  down  the  vagus  trunk  to  the  heart. 

'  I>eiail!»  cmicerning  the  cuDiposiUun  of  ihe  curdiue  pli^xuscs  in  the  Jug  arc  given  by  Liiu 
Boon  Keng:  Jnurrud  of  Physiohyy,  1893,  xiv.  p,  4G7. 

*  It  ifi  probable  that  tbe  fibres  of  spinnl  origin  end  in  the  sympathetic  gnnglia.  mnkin^con- 
toclB  there  with  (<ympatlietic  gangUon-celU,  the  iixi^-i-ylinder  pructatsetf  of  wliii-li  patw  up  the 
cervic&l  chain  and  descend  to  Ihe  heart  in  company  with  the  vagufl. 
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The  connection  of  the  extrinsic  cunliar  nrrves  with  the  Intraranliae  mus- 
rh'  ami  iicrvrH't'lIs  is  not  yet  iK'tcrniiiuMl  siiliHfactnrily.  (Viiiiiii  Hhrch  in  tlie 
vaj^urt,  Kuid  tu  hv  ikriv  tni  fi-um  iIr'  .spinal  acccissory  nervt*,  t<Tiuinato  in  '*  end- 
baskets  "  embracing  syniiwithctic  ganglion-colliJ,  the  axis-eyliuder  processes 
of  which  omi  on  the  caiiliiu^  iiuiiit'lc-fibrcs.  Prohalily  the  inhibitory  action 
of  the  vagUH  is  exiTcihcd  throuj;h  tliese  cells,  as  it  it*  U«*t  in  animals  |>oisom'd 
with  nii'otine,  whieh  is  known  to  panilyzc,  in  other  situations,  either  the  end- 
boskets  about  symjwitlietic  caWs  or  the  body  of  the  i%A\  its<'lf.  Other  v:i(i;ns 
fibres  ap|xirrntly  tf^Mninnte  (nrnris**)  in  an  end-bru.sli  in  tlie  |K»ricardinni  and 
cndiH*ardi(nn, 

The  uugmentor  apparatus  conuistit  of  two,  |K>Sftibly  tlin;e,  neuron!^.  The 
coll-l>ody  of  one  lies  in  the  'Spinal  coni ;  '\U  nxisH-ylinder  process  k*aves  tlie 
cord  in  the  white  ninnis  ami  tertninatt^  in  a  tpin^lion  oJ"  lli<>  syinjMillietic  cliaia 
(interior  cervical,  ^itellate  ganglion).  The  axis-cylinder  pnu'ei^s  of  the  eynjpa- 
thelic  ganglion-i'cll  passes  directly  to  tlie  canliac  iiiiiselc-fibrc  im  which  it 
ends,  or,  piissibly,  terminates  in  phy.-"iologicid  eontitet  with  the  dendrites  of  a 
thini  nenron  lying  in  tiie  iieari,  the  nennix<in  of  which  carries  the  augincMtt- 
ing  irnptdsi*  to  tlie  nuistrlc-cell.  Stiiiiiilati<.in  of  the  wliiti*  ramus  cause's  atig- 
mentor  oifW'ts.  In  ni<H>tino-])ois(Hiiny:,  tliest^  cil'eeU  eujmot  be  obtained  ;  bnt 
stinmlation  on  ihe  <listiil  side — the  ctinliac  AiU* — of  the  cell-biKly  about  which 
t)ie  ncuraxon  ctn]s,  still  causes  angincnUitiou.  If  nicotine  jKiralyzcs  the 
fiymjmlhotte  ccll-biKly,  tliis  ex|Hrinie]it  j^roves  that  there  is  no  cell  in  this 
neuron  chain  between  the  [h>iiU  stiiuulaird  and  the  mnscle-iihre  ;  if  it  par- 
alyzes tiic  end-l>asket  and  not  the  cell-body,  the  exintence  of  ihe  third  (intni- 
canliae)  neiin.n  in  the  eliaiii  is  ]Hissible,  provided  the  e^minuinii-ation  between 
the  second  and  the  thir*l  neumn  is  not  by  m«ins  of  an  einl-baskel  ;  but,  as 
Dc^iel  and  Huber  assnnu*,  by  a  ooiit:ict  with  the  dendrites,  sinular  tt»  that 
observwl  by  them  in  other  .syni{)athetic  cells,  and  not  sensitive  to  niwrfine. 

The  Inhibitory  Nerves. 

In  1845,  Ernst  Heinrieh  and  Eduard  Wel»er  announced  that  stimulation 
of  the  vagas  nerves  or  the  |«irts  of  the  bniiii  where  they  arise  slows  the  heart 
even  to  arrest.  When  unu  |)ole  of  an  induction  apparatus  Wiis  placed  in  the 
nasal  cavity  of  a  frog  and  the  other  ou  the  spiiml  oord  at  tlie  fourth  or  til^h 
vertL'bni,  the  heart  was  completely  arrested  after  one  or  two  pulsationij  and 
remaine^l  motionless  sevenil  second.-,  after  the  interruption  of  the  current. 
During  the  arrest,  tlie  heart  was  relaxed  and  tilled  gradually  with  blood. 
When  the  stimulus  was  eonliniie<l  many  **econds,  the  heart  i>egan  to  h«it  agaia, 
at  firbt  weakly  ami  with  long  intervals,  then  more  strongly  and  fre»|uentlv, 
until  at  length  tlie  l>cats  were  as  vigorous  and  as  frequent  as  before,  thougli  all 
this  time  the  stimulation  was  uninterrupted. 

In  order  to  determine  from  wliat  |^»art  of  tiie  brain  this  influence  proceeds, 
the  electrodes  were  brought  very  near  together  and  }>laccd  ii|>on  the  cerebral 
hemispheres.  The  movements  of  the  heart  were  not  affected.  Negative  rcsulta 
followed  also  the  stinndutiou  of  the  spinal  cord.    Not  until  the  medulla  oblon- 

Vol.  I.— M 
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gata  Iwtweeii  the  t-orpora  quadrigeiiiiiia  and  the  lower  end  of  the  calamus  scri(v 
torius  was  stimulated  did  the  arrest  take  place.  Cutting  away  the  spiual  cord 
and  the  r^^raaindL-r  of  the  bniin  did  not  altH*  the  restdt. 

Having  de(t,*rmiiietl  that  the  iidiihiiory  p^jwor  ii:ul  its  seat  in  the  nuKhdla 
oblongata,  the  question  arose  through  whtil  nerve  the  inhibitory  influence  is 
transnnttwl  to  (he  heart.  In  a  frog  in  which  the  stinudation  of  the  m*xhdla 
had  sto2>ped  the  licart,  the  vagus  nerves  were  cut  and  the  emis  in  connection 
with  the  heart  stimulated.     The  heart  was  arrested  as  before. 

Thus  the  fmidamental  fact  of  the  inhibition  of  a  peripheral  motor  mechan- 
ism by  the  eeutnil  nervous  system  through  the  agency  of  special   inhibitory 


Fig.  3r>.— Pulutlont  of  frog's  heart,  inliilMi'.Ml  hj  tht-  cxi-itnuon  of  tht-  U-ft  vsf^us  nerve  (Tarchanoff. 
1876,  p.  ?96) :  C,  pulBiitioiu  of  heart ;  S.  electrlL'  st^nal  which  vibrated  during  the  pafl6UKC  of  the  «tim\]- 
latliiR  current,  one  vtbratlun  for  l-ucH  induction  shuck. 

nerves  was  finnly  established.     A  great  number  of  investigations  have  demon- 
strated that  tJiis  inhibitory  jx)wer  is  found  in  many  if  not  all  vertebrates  and 

not  a  few  inverteUrates. 

The  eflect  ol*  vagus  stimulation  on  the  heart  is  not  immediate;  d^laimt 
penod  is  seen  extending  over  one  beat  and  sometimes  two,  according  to  the 
moment  of  stimulation  (see  I'^i^r.  -SV'l 


Vir..  ai.— SboHing  Uio  lengthened  dlajitulu  and  dhnlnlNlii-d  force  of  vt^ntrlciiliir  conlraclion  durtng 
weak  sUmulatloD  of  the  porlphcml  end  of  the*  cul  vastus  nerve.  The  hcurt  {cat)  was  isolated  from  both 
syHtemU*  and  (lulnKinary  ve«sels,  and  wa»  kept  K-atintt  hy  eirculutlng  deflbrlrmtei)  blood  thruugb  the 
e«»rtin«ry  arttTli-s  A,  Preasure  in  letl  ventrlcK>,  which  wna  tilled  witli  n<tritial  sjiline  iu>lutlon,  ond  com* 
Diunicated  with  n  UUrthle  membrane  nmnomeivr  by  mcuua  ut  a  luinnulu  whieh  was  puescd  Lhrongh  the 
auricular  ap|>endlx  and  the  mltrul  i>riflee  ;  B,  Uue  drawn  by  the  nrmaturv  nf  an  elect ro-magutit  In  tbu 
primar>'  i^lrcait :  the  heavy  Hue  Indicuteii  the  duration  of  stimulation :  C.  time  In  leconda. 

Changes  in  the  Ventricle. — The  periodicihf  of  the  ventrieular  contraction 
is  altered  by  vagus  excitation,  a  weak  excitation  lengthening  the  duration  of  dias- 
tole, while  leaving  the  duration  of  systole  unohauged  (see  Fig.  31).  A 
stronger  exoilation,  miwibly  of  modifying  largely  tliL'  foree  of  the  nommption, 
lengthens  both  systole  and  diiistole.*  The  difliculty  of  produeing  a  continued 
■Meyer;  Archimde  PhyMoioffie,  1894,  p.  698;  Arloing: /^.,  p.  88. 
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arrest  in  diastole  is  much  greater  in  some  aninuils  than  in  others.  Even  when 
easily  pnMiiieed,  the  arrest  soou  gives  away  in  th<»  manner  (Icserihed  by  E.  H. 
ami  E.  WeI>or,  tho  ht'art  bt'ginninp;  to  Iwat  in  j*])ite  of  tltf  vagus  excitation.* 

Tlio/orr/'  nf  thi'  f^itntrnHiftu,  nioiisured  by  the  heiglit  of  tlie  U|v-fstrnki*  of  the 
intra-ventricular  pressure  eurve,  or  by  placing  a  recording  lever  on  the  heart, 
is  lessened,  this  diniitiution  in  foree  appearing  oilen  before  any  nutioettble 
change  in  pcri<xliLity. 

The  dinMoiic  prefigure  increases,  as  is  shown  by  the  lower  level  of  the  curve 
grodnnlly  rising  farther  iin<l  farther  above  the  atniopphi-ric  [iresaure  line. 

The  volume  of  blood  in  tlje  ventricle  at  the  close  of  diastole  is  increased.  So 
also  is  the  volume  at  the  clase  of  systole  (residual  blood) — ^raetimes  to  such 
a  degree  that  the  volume  of  the  heart  at  the  end  of  systole  may  be  greater  than 
the  volume  of  the  organ  at  the  end  of  diastole  before  the  vagus  wuh  excited. 

The  output  and  the  input  of  the  ventricle,  that  is,  the  quantity  of  blood  dis- 
charged and  received,  are  both  diminished  In'  vngus  excitation. 

The  vtMrhuhir  tonu^^  or  state  of  constant  slight  c<intrartion  on  which  the 
arstiilic  contractions  are  sui)erini|X)sed,  is  also  diniiniMR^I,  as  is  well  shown  by 
an  experiment  of  Stefani.'  In  this  experiment  the  pericardial  sac  is  filled  with 
normal  saline  Siilution  under  i\  pn-s^iui-e  just  sufticient  to  prevent  the  expansion 
of  tlie  heart  in  diastuii-.  (hi  Htijnulation  of  the  vagus,  the  heart  dilates  fur- 
ther. A  consith-nibly  higher  pressure  is  necessary  to  overcome  thie  dilatation. 
Stofani  findr*  idsi)  that  the  prcs-^ure  necessary  to  pifveiit  diastolic  ex|>ansi(in  is 
much  greater  witti  intact  ihati  with  cut  vagi.  Furtlicrrnore,  the  heart  is  much 
more  easily  disteiHUnl  by  the  rise  of  arterial  pressure  through  compression  of 
the  aorta  when  the  vagi  are  severed  than  when  tliey  are  intact.  Franck  has 
notice<l  that  the  walls  of  the  empty  vcntrirlc  lK»come  softer  when  the  vagus  is 
stimulated.^ 

The  propagation  of  the  cardiac  excitation  is  more  difficult  during  vagus 
excitation.  Bayliss  and  Starling  demonstrate  this  on  niamnialian  hearts 
made  to  contract  by  exciting  the  auricle  thrt*e  or  four  times  j>or  setNuid  ;  the  ven- 
tricle as  a  rule  responds  regularly  to  every  aurit^ular  l)eat.  If,  then,  the  vagus 
is  stimulatiil  with  a  weak  itidnceil  curreiit^  the  vcntrii'le  may  drop  every  other 
beat,  or  may  for  a  short  time  cease  to  respond  at  all  to  the  auricular  contrac- 
tions. The  defective  propagation  is  not  due  to  changes  in  the  auricular  con- 
traction, for  even  an  almost  inappr<x'table  Ijcat  of  the  auricle  can  cause  the 
ventricle  to  ctuitract.  Nor  is  it  due  to  lowered  excitability  of  the  ventricle, 
for  the  effect  described  is  seen  with  currents  too  weak  to  depress  the  irrita- 
bility of  the  voniride  to  an  appreciable  extent. 

The  sino-auricular  and  anriculo-vcntrictdar  contraction  intervals  an-  usu- 
ally lengtheuMi  by  vagus  excitation;  sometimes,  however,  lliey  arc  diniin- 

'Uoilgh  :  Journal  of  Phynioto^,  1895,  xviU.  p.  161.  The  terrapin  heart  \m  said  not  to  es- 
cape, ua  rulo,  from  vagus  inhibition. 

'  (  onijiarc  Stctani :  Archivtn  italienna  t!^  Biotoffie^  1895.  ixiii.  p.  175. 

*See  alvu  Fisclicl :  Arehir /mr  experttMrnttUe  /VifAoJosrM  und  i'Aanmut-o/o^u,  1897,  zzxTtil. 
p.  22K 
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islicd ;  tho  one  may  be  increased,  wliik^  tlje  otlier  is  diminislied.  The  vagus 
effect  qniekly  reaches  a  nutxiniiini  and  then  slowly  decreases.  The  interval 
between  tlie  contnietions  of  different  parts  of  the  sinu*?  is  sometimes  inereitsed 
by  vagus  cxcitition,  so  that  the  ditferent  parts  are  diissociated  and  beat  at 
niea-snrably  ditferent  times.  Attempt.s  have  been  made  to  explain  the  sev- 
eral aetions  of  the  vagus  nerve,  together  with  the  various  forms  of  intermit- 
tent anil  irregiihir  pulse,  by  variations  '\\\  (lie  (nuisiiiissifui  of  the  eanliae  ex- 
eitati<:in  ; '  but  it  \^  jtrobable  that  alterations  in  tlte  etjuditiou  of  the  niu8<'le-(*e!l.s 
in  tlie  sinus,  auricle,  and  ventricle  are  of  equal  or  gn?ater  im[^iortance.* 

The  action  of  the  vfii::ns  is  areotupanleij  by  an  rliHrira/  rftrlfffion.  This 
has  been  nhowu  in  the  muscular  (issue  *)f  the  resting  auricle  of  tlie  tortoise 
(«oc  Fig.  32).  The  iinricle  ig  cut  away  from  the  sinus  without  injuring  the 
coronary  nerve,  wbii-li  in  the  tortoise  jiiisses  i\om  the  sinus  to  the  auricle  and 
contains  the  eunbiU'  (ibn-s  of  the  vagus.  After  this  <ipeni(iou  the  auricle  and 
ventricle  remain  motionless  for  a  time,  and  this  quiescent  pericKl  is  utilized  for 

the  experiment.  The  tip  of  the  auricle  is  injurtMl  by  immersion  in  hot  water, 
and  tlie  demarcation  current  (the  injured  tissue  beini;  negative  toward  the  unin- 

jurcil)  is  ktl  oU'  to  a  gulvanotneter.  On  exciting  the  vagus  in  the  neck,  the 
demarcation  current  Is  markedly  increased.  No  visible  change  of  form  is  seen 
in  the  auricular  strip. 


Fig.  sj.— Tbw  turtulse  hcut  prepared  for  the  dcmnnslrtttton  of  the*  electrical  cfaange  In  the  cardiac 
Buucle  «:coni|>anyfUK  the  excitation  i»f  the  vaKiui  nerve:  V.  vagus  nerve;  r,  coronary  nerve;  ^^  alnna 
uid  part  of  auricle  (n  connection  with  It :  O,  galvaunmcter,  in  tlie  nlreiiii  funned  by  two  noo-poUiinble 
alectrodea  and  the  put  of  the  aarlcle  between  them :  £,  Inductton  cull  (OiukeU,  1887). 

Chanffee  in  the  Sinus  and  Auricle. — Tlicro  is  little  probnbility  that  the 
notion  of  the  vagus  <in  the  sinus  ;md  aurii'U',  or  grejit  veins,*  diilers  essentially 
f^^>m  the  aetiiin  on  the  ventricle,     Tlie  fon-e  of  the  contraction  is  diminished. 


'  Muskens):   Amrrican  JoumnI  of  PAyaio/oTj/,  1898,  i.  p.  486. 
'  Hiirmnnn:   Arrhivjur  Hie  ^mmmte.  Phynii)l(itju\  1898.  Ixxii.  p.  4fl9. 

*  Knoll :  -trrAr'r  fiir  du  gunmmlc  PhyifirAotjit^  IS97,  Ixviii.  p.  339;  Engelmann:  /6irf.,  1896, 
tzv.  p.  109. 
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The  duvttole  ia  lengthened.  The  change  in  force  appears  earlier  tlian  the 
change  in  periodicity,  uml  sometimes  without  it.  On  tlie  whole,  the  sinnsand 
auricle  are  more  cjisily  affVrttMl  hv  vagus  exciuitif>n  than  the  vi-ntricle. 

Action  on  Bulbus  Arteriosus.— If  tlic  bidbua  arteriosus  of  the  frog's 
heart  is  extirpatetl  in  such  a  way  as  to  leave  untouchei]  tlie  nerve-fibix'js  that 
connect  it  with  the  auricular  septum,  the  oonlr.utionf*  of  the  isolated  bulbus 
will  bo  arrested  uhen  tlie  |>'riphri*!il  end  of  the  vagus  is  excited.' 

Diminished  Irritability  of  Heart. — During  vagus  excitation  with  cur- 
rents of  moderate  strength,  the  arrested  heart  will  respond  to  direct  stimula- 
tir>n  by  a  single  contraction.  With  «trong  vagus  excitation,  however,  the 
direetly  siimulati'd  Imirl  contiiicls  not  at  all  or  \vs>  rejidily  than  before, 

Bffecte  of  Varying  the  Stimulus. — A  single  oxcitation  of  the  vagus  does 
not  slop  the  heart.  Moral  hits  investigaltnl  (he  effect  of  excitations  of  varied 
duration,  numlx'r,  and  IKM|uency  on  tlie  li^rtoise  heart.-  With  excitations  of 
the  same  duration,  the  effect  was  minimal  at  2  per  second,  maximal  at  7 
per  sw-^^nd,  diminishing  then-after  as  the  ffcqnency  increased.  The  longer  the 
Btiniulutiuu,  the  longer  (within  limits)  was  tiie  inhibition.  An  excitation  that 
is  toi>  feeble  or  too  ^low,  or,  on  tlie  contrary,  is  over-atrong  or  over-fretjutMit, 
ha^  no  effect.  Within  limits,  however,  the  degree  of  inhibition  increases  with 
tlie  strength  of  the  stimulus. 

Weak  stinniii  affwt  primarily  the  auricles,  diniiuishiug  frequency  and  foa« 
of  contraction,  and  secondarily  lower  the  frer|Ueucy  of  the  ventricle.  Stronger 
stimuli  arrest  the  auricle,  the  ventricles  ointinuiiig  to  beat  with  abno?<t  undi- 
minisheil  force  but  with  altered  ritythm.  Still  stronger  stimuli  inhibit  the 
ventricles  also. 

The  fi-e(juency  can  be  kept  comparatively  small  by  continued  modcmie 
stimulation. 

Arrest  in  Systole. — The  excitation  of  the  tortoise  vagus  in  the  up{)er  or 
middle  c<'rviciil  region  is  sometimes  foll(i\ve<l,  according  Xn  Rouget,'^  by  a  state 
of  wntinue^l,  prolongcnl  contraction — in  short,  an  arrest  in  systole.  The  same 
effect  is  observed  in  rabbits  strongly  curanzed  and  in  curarizcti  frogs.  Arloing  * 
notic*ed  tiiat  the  mcehaiiit^i  irritation  pHMJucctl  by  raising  on  a  thread  the  left 
vagus  nerve  of  a  hoi'se  c:iuse<l  the  right  ventricle  to  remain  contracted  during 
seven  seconds.  The  ventricidar  curve  during  this  time  preaented  the  chanKitew 
of  the  tetanus  curve  of  a  skclctid  muscle,  iicccnt  observations  by  Frank,^ 
Himt,*  Wallhcr,'  atul  others  make  it  probable  tliut  a  kind  of  summation  and 
superposition  of  contractions  may  at  times  take  place  in  the  heart  a8  in 
ordinary  striated  muscular  tissue. 

'  Dogiel :  Oentralbiatt  fUr  die  mrtHrininrhm  Wi*Jtm»rtMjU^^  1894,  p.  227. 

*  Morfti:  ArehiwJi  de  PhysiohyU^  1894.  p.  10. 
Miotiget:  /6iJ.,  p.  39«, 

*  Arloing  :  FhiH.,  11493,  p.  112. 

•  Frank:  Z^itMshr^Jur  Bwtoriir^  1899,  xxxviii. 

•  Hunt,  Bookmun,  and  Ti*rney :  finUrafblaU  fur  Phynolotpt,  1807,  xi.  p.  274. 
^  W«Uher  :  AreKivjUr  dte  gtMinunU  Pkyaiaiogie^  1900,  Uxviii   p.  6V7. 
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Comparative  Inhibitory  Power. — One  vagus  ofleu  poasceaes  more  inhibi- 
torv  priwer  than  the  other.' 

Septal  Nerves  in  Progr. — The  electrical  stimulation  of  the  peripheral 
etnrnp  of  either  of  two  large  nerves  of  the  intor-auricular  i^optum  in  the  frog 
alters  the  Xohms  and  the  force  of  contraction  of  the  ventricle^  but  not  the  fre- 
quency. After  section  of  these  nerves,  the  excitation  of  the  vagus  ha.«  very 
little  effect  on  the  tonus,  and  almost  none  on  the  force  of  the  ventricular  beat, 
while  the  frequency  is  diminished  in  the  characteristic  manner.  Evidently, 
therefore,  the  two  large  septal  nerves  take  no  part  in  the  regulation  of  fre- 
qaency,  but  leave  this  to  the  nerves  diffurftely  distribute<l  through  the  auricles. 
There  is  then  an  anatomical  divi«tion  of  the  septal  branches  of  the  frog's  vagus, 
the  fibres  aflR^cting  j>eri(Klicitv  nitining  outside  the  septal  nerves,  while  those 
modifying  the  force  of  contraction  and  the  tonus  of  the  ventricle  run  within  tiiem.^ 

Nature  of  Vagrtis  Influence  on  Heart. — The  nature  of  the  tern»iual 
apparatus  by  which  the  vagus  inhibits  tlie  heart  is  unknown.  It  is  pmlKible 
that  the  same  iiilracardiac  apparatus  st.Tvus  for  both  nerves,  for  HuUcr  iinds 
that  when  tlie  heart  fsciipcs  frona  the  inhibition  cause<l  by  couttnniil  ^-liinula- 
tion  of  one  vagup^  the  prolonged  diastole  growing  shorter  again,  the  immediate 
sliinulation  of  (he  second  vagus  h.ns  no  effect  upon  the  hejirt.*  Dogiel  and 
Ciiahc  have  recvntly  ob^^rveil  that  tlie  lengthening  of  diastole  which  follows 
stimulation  of  the  pt-ripheral  stump  of  the  vagus,  the  other  vagus  l)eing  intact, 
is  less  murksnl  than  wht'n  both  vagi  arc  cut.' 

The  earlier  atteni|)ts  to  form  a  satisfactory  theory  for  tho  iitbilntory  power 
of  the  vagus  met  with  littlesuccess,  Thestatement  of  the  Webers' that  the  vagus 
inlubits  the  movements  of  tlir*  heart  gave  to  nerve's  a  now  attribute,  lint  is 
hardly  an  cxplatmtioii.  The  viesv  of  Hu<]ge  and  Schiff,  that  the  vagus  is  the 
motor  nerve  of  the  heart  and  that  inhibition  is  the  expression  of  its  exhaustion, 
is  now  of  only  hi>toncal  interest.  Nor  has  a  better  fate  overtaken  the  theory 
of  Brown-S6fpjard,  who  saw  in  the  vagus  the  vaso-motor  iktvc  of  (lie  heart, 
the  stimulation  of  \vliicli,  by  narrowing  the  coronary  arteries,  deprivoil  the 
heart  of  the  bltKxl  that,  acxx)rding  to  Brown-86quard,  is  the  exciting  cause  of  the 
contraction. 

Of  recent  years,  the  explanation  that  has  commanded  mt)st  attention  is  the 
one  advance<l  by  Stefanl  ^  and  Gaskell,  namely,  thai  ihe  vagus  is  the  ti*ophic  nerve 
of  the  heart,  pnKhuntii:  a  dis-as>irnitati<tn  ur  katabolism  in  systole  and  au 
assimiiation  or  nnabolism  iu  diastole.  Gaskull  sup^vorts  this  theory  by  the 
observation  that  the  after-effect,  of  vagus  excitation  is  to  strengthen  the  force 
of  the  cardiac  contraction  and  to  increase  the  speed  with  which  the  excitation 

*  Hofiiinnn:  Archlr  /ur  die  grwrnrnte  Phifniolo<jt€,    1895,  Ix.  \t.  1G9. 

'For  other  imuAiml  alt«ralinn4  in  the  heartbeat  in  ctni9«i|iiem*e  of  vagiifl  excitation  Be« 
Arloing:  ArcfuKt  de  PhyMolwfie^  1894,  p.  1C3;  anil  Knoll:  Arei»v fur  die peiiamn^e  Pkyw^offie^ 
1897,  IxWi.  p.  687. 

■  Hough     Jottmal  of  Phyniolog)f,  1895,  xviii.  p.  198. 

*  Dogiel  ami  (irahe :  Arehiv  fat  Pht/sioiogie,  189.'i,  p.  393,  Changes  in  the  f>crlpheral  effi- 
deiiry  of  the  vagi  are  tliscitsseiJ  by  McWilliams  :   Prfteffdingn  Royni  Socifty,  1893,  Uii.  p.  475. 

*8l«rnMi:  Arehicca  italicnnea  de  Biohgie,  1895,  xxiii.  p.  176. 
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^e  passes  (»ver  the  heart,  wliile  the  contrary  effects  are  wiifiMsed  afler  the 
excitation  of  the  uiigiuentor  nerves. 

Various  attempts  have  been  made  to  prove  a  tn>phic  action  of  the  vapus  on 
the  heart  by  cutting  thr*  ner\*e  in  nnimalr^  k<^pt  alive  until  flogenenitrve  chanpps 
in  the  hearl-nmscle  slioulJ  liave  had  liriie  to  ap|Kair.  The  inji>ortant  distnliu- 
lion  of  the  vaj^us  nerve  tt»  many  organs,  and  the  consitpu'iitly  wide  extent  a^ 
the  loHs  uf  function  fuHuwiii^  itHfH*ctiou,  niaken  it  ditlieult  to  decide  wliether  the 
ehau{^^  produccil  iu  the  heart  are  not  secondary  to  the  alteratiouB  in  other  tis- 
sues. The  work  of  Fantino  will  serve  for  an  example  of  these  investigations. 
Fantino  cut  a  single  vagust  to  avoid  the  paralysis  of  def^lutitiou  and  the  inani- 
tion and  occasional  broucho-pnciunoiiia  that  follow  section  of  both  nerves. 
Young  and  perfectly  ln.-aliliy  rabbits  and  guinea-pigs  were  selectetl.  The  opei-a- 
tion  viBA  strictly  aseptic,  and  all  cases  in  which  the  wound  suppuntte<l  were 
excluded.  A  piece  uf  the  jicrve  alnnit  r>ne  centimeter  long  was  cut  out,  so  that 
DO  reunion  could  be  iRjs.sil>le.  After  (he  operation  the  animals  were  as  a  rule 
lively,  ate  well,  and  gained  weight.  Pfjst-mortem  examination  of  animals 
killed  two  davs  or  more  after  st^ction  o^  the  va^u>  nerve  discldseil  no  patho- 
logiail  changes  in  tlie  lungs,  spleen,  liver,  and  stomach-  In  the  heart,  areas 
were  found  in  which  tiie  nuclei  and  the  strlatiou  of  the  nuiscle-^'ells  had  disap- 
peared. Eighteen  days  after  section  the  atrophy  of  the  j'ju'diac  muscle  in  these 
areas  was  observed  to  be  exti-eme.  The  degeneration^  following  section  of  the 
right  vagus  wore  situutetl  in  a  different  part  of  the  ventricular  wall  frani  those 
following  section  of  the  left  nerve. 

The  effects  of  stimulation  of  the  vatj^ui  tu'rve  in  the  ncw-bom  do  not  differ 
essentially  from  those  seen  in  the  ailult.* 

The  relation  between  the  action  of  the  rarpiJi  and  the  inhainrdlac  prrmnre 
ha-i  lx*en  rti'cntly  studic*!  by  Stewart.  lie  finds  that  an  increase  in  the  presMire 
in  the  sinus  or  auricle  makes  it  ditficult  to  inhil>it  tlie  heart  through  the  vagus. 

The  inhibitory  action  of  the  vagus  diminishes  as  the  t^mperalure  of  the 
heart  falls.  At  a  low  limit  the  inhibitory  p<twer  i^  lost,  but  may  return  when 
the  heart  is  warmed  a^iu.  Even  when  the  stimniatioii  <»f  (he  trunk  of  the 
nerve  has  failed  to  affect  the  eoolwl  heart,  the  direct  stimulation  of  the  blnua 
can  still  cause  distinct  inhibition.  The  j)ower  of  inhibiting  the  ventricle  is 
first  lost.  Tjoss  of  inhibitt^ry  [M)wcr  d^jes  not  follow  the  raising  of  the  heart 
to  high  temj>eratures.  The  vagus  remains  active  to  thr*  vcrgir  i>f  heat  arrest, 
and  resumes  its  |»owcr  as  M»on  as  the  teni|>erature  \&  lowerwJ. 

The  Auohentor  Nerves. 
v.  Bezold  ol>9erved  in  1862  that  stimulation  of  the  cervical  spinal  eoni 
caused  an  increased  frequency  of  heart-beat,  Tliis  seemed  to  him  to  prove 
the  existence  of  s|K'cial  atn-elerating  nervts.  Liidtng  and  Thiry,  however, 
soon  pointed  out  that  stimulation  of  the  spinal  cord  in  the  cervical  region 
•Wcitwl  many  vaso-<'onsirictor  fibres,  leading  to  the  narrowing  of  manv  vt*ssels 
id  acorresjKiniling  rise  of  blooii-preasure.     The  acceleration  of  the  heart-beat 

*  Meyer:  Arthiva  de  Fhy»ioiogU,  1893,  |i.  477. 


168 


A^r  AMEniCAN   TEXT'BOOK   OF  PliYSIOLOGY. 


accom|>anying  this  rise  in  bUxxi-pivsHiire  wouKI  ulone  explain  the  observation 
of  vou  Bt'zt>ld.  Three  years  lalei*  Bever  and  von  Beisold  were  more  suc- 
cessful. Thf  iiiHiR*ii<x^  of  the  vuso-motor  nerves  was  excluded  by  section  uf 
ihi^  spinal  (mhI  t>c(ween  tlic  first  Jind  se<x>ud  thoradr  vertebne.  Htimnlatlon 
of  the  cervical  cord  now  cauMxi  an  increase  In  the  frequency  of  the  heart-l>ea[ 
withou(  a  siumltaneou.s  increase  of  bloo<l-pre^uit'.  The  fibres  carn'ing  ilie 
accelerating  impulse  were  tnK'<:'d  fmni  the  spinal  cord  to  ilic  last  cervical  gan- 
glion and  from  there  toward  the  liearU 

In  the  dog  the  "  augmenting'' or  "accelerating  "  nerves  thus  discovered 
leave  the  .spinal  cor<]  mainly  by  the  r<K>ts  of  the  ^ecoud  dorsiil  nerve*,  and  enter 
the  ganglion  stcllntuin,  whence  they  paHS  thningh  the  anterior  anil  poriterior 
loopti  of  the  aiinnlus  of  Vicusscns  iiito  tlie  inferior  cervical  gauj^llon,  from 
which  tln-y  go,  in  the  (.•ardiac  bi-anchf^  of  the  latter,  to  the  heart.  S«tnie  of 
the  cjjrdinc  tibre-^  in  the  annuhis  pass  diriM'tly  theticc  lo  the  cardiac  plexus  and 
do  not  enter  the  inferior  cerviwal  ganglion. 

In  the  ntbhlt,  the  course  of  the  angmentor  fibres  is  probably  cl(»sely  similar 
to  tliat  in  the  (log. 

In  the  cat.,  the  augment^jr  nerves  fr«pring  from  the  ganglion  stellatuni,  and 
ver}'  rarely  from  the  inf*Trur  cervitid  jituiglion  as  well,  Tlic  right  cardiac 
sympathetic  nerve  communieutes  with  tlie  vagus. 

The  stimulation  of  the  wymi^alhetic  chain  in  the/rp^,  "  l}etween  ganglion  1 
and  the  vagus  ganglion,  and  alst>  Btiinulntion  of  the  chain  betwi^n  ganglia  2 

and  ;3,  rauses  markeii  acceleration  and 
augmentation  of  the  auricular  and  ven- 
tricular contractions;.  Stijuulation  l>e- 
t\ve*'n  giitiglia  3  and  4  produces  no  etfect 
whatcAcr  upon  the  heart."  This  ex- 
[)eriraent  of  Gasketl  and  Gadow's  sho\vs 
that  augmentor  fiijrcs  enter  tin*  sym|ia- 
thelic  from  the  spinal  <'ord  almig  the 
ramus  communieans  of  the  thijtl  spinal 
nerve  and  pass  upward  in  the  sympa- 
thetic chain,  lu  tliis  animal  the  sym- 
|»uthetic  chain,  after  dividing  between 
rio.8s.-The  cardUc  Bympathetir  nerv»ai  In  the  first  ami  seciHid  ganglia  to  form  the 
Knnm  k.mp..rariii  (twice  natuml  bIjk):  K-sy.  an„u]^,,^  ^,f  VieuHSenH,  joins  the  trin»k 
vafTft-fiyiupBltuulc;  A.v,  artcrin  vertebralis;  11,  . 

IV.  aer.»d«i  hihI  fourth  apiuai  Derv<a  lUBakeu  of  the  vngus  between  the  United  vagus 
.DdOadow.iSM).  gjjj  glosso-pliaryngeal  ganglia  and  the 

vertebral  column  (see  Fig.  33).  Here  the  sympathetic  again  divides,  some  of 
the  fibres  passing  alongside  the  vagus  into  the  cranial  cavity,  th*^  iv.st  accompany- 
ing the  vagus  nerve  peripherally.  The  angmentor  nerves  for  the  heart  are 
amimg  the  latter,  for  tlie  stimulation  of  the  intratrnnial  vagus  results  in  pure 
inhibition,  while  the  stimulation  of  tlic  vagus  (rimk  after  it  is  joined  by  the 
^mpathet'ic  may  give  either  inhibition  or  augmentation.  We  may  say,  there- 
fore, that  tlie  angmentor  nerves  of  tlie  frog  pass  out  of  the  spinal  I'onl  by  the 
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tliinl  Kpiiittl  nervo,  throngJi  the  ramus  i-oniniunicans  of  this  ijcrvi%  into  the 
ihiitl  syniputhctic  ^an^lioii,  up  the  sympathetic  chuia  to  the  j^in{i:lion  of  the 
vugus,  ami  down  llic  va^us  trunk  to  the  heart. 

Stdznulation  of  Augmentor  Nerves. — The  most  obvious  effect  of  the  stim- 
ulutiuu  (»r  the  auj^ineiitor  iierveis  is  an  inereiise  of  from  7  tf>  70  [kt  eent.  in  ths 
frrtpienotj  of  the  heart-lieat  (see  Fip,  34).  The  *]U(cker  the  lieart  is  beating 
In'fore  the  stimulation,  the  Ie&?  marked  is  the  a^x-eleraliotL     Tlieabsohite  maxi- 


Ki<i.  34.— Curve  of  ]»Ioo«t-pr<'wii(re  In  tfiir  cnt.  iviMr<lr(1  by  n  merniry  mmionipter,  •b«mlnai  tliu 
tncnMUt;  In  fWMitieiicy  of  heart-hettt  ttxnn  uxclLuiiuu  of  llic  iiitt(i>ti-'tili>r  lu-rvi-a.  The  ciirvi:  ntA^la  from 
richt  to  left.  Tho  aiiRuit^iitor  nen'us  werv  uxcIUkI  duriog  tlilrty  seconds,  iMitwuvu  the  twuatani.  The 
number  of  beat*  |ier  t«n  leconds  rue  from  24  to  ra  CBocbm,  \SSJb,  p.  2fi8). 

inulu  of  fn^juerjey  is,  however,  Indejiendeut  i>f  the  frHjuencv  iH'fon.!  stiMMihitioii. 
Tlie  niaxiuHtin  of  artX'Iei*ation  is  hii'gely  iiuiejHL-ndt'nt  t>f  t\\v  diimttuu  of  htiinuhi- 
tion.     The  duration  of  stimulation  and  the  duration  of  aceeleration  aa>  not 
relatetl,  a  long  slinuilati^m  eansinrj  no  f^renter  neeeleratirm  than  a  short  one. 
I  The/ore^  of  the  vuntricuhir  Ix^t  is  iutTvasab      Tlie  ventricle  is  fillwl  more 

I  completely  by  the  auricles,  the  volume  of  the  ventricle  beinp;  increa^W.    The 


I— Inereaw  in  Uiv  force  of  the  veDlrlcuUr  rootrmctkfD '4Mirve  of  )>rt'»t>ur'   -n  ^  _;,i     >-iitrklc>  fttiiD 
•tlinuU.non  of  ftngmenlur  ttbres.    There  U  UUIe  or  no  rhuiKC  In  Avqavnc;  (Kruuck,  UM.  p.  St9). 


output  of  the  lieart  is  raised.  There  is  no  definite  relation  between  the  in- 
creajjo  of  conlnirtion  volume  or  force  of  contraction  aiuJ  the  increajsc  in  fre- 
^nenoy  (s4»e  Fig.  35).  Either  may  appear  without  tl»e  other,  though  this  is 
nire.  The  siinidtaneous  stimulation  of  the  nerven  of  both  sides  does  not 
give  a  gn^ater  maximum  fretpiency  than  the  stimulation  of  one  nerve 
alone. 

The  strength  and  the  volume  of  the  auricular  tyintraotions  arc  also  in- 
en'ase<i.  Th*;  iucreft«e  in  volume  i»  not  due  to  a  rise  of  pressure  in  the  veins 
— in  fact,  the  pi*essure  falls  in  the  vein.^ — but  to  a  change  in  the  elasticity  of 
the  relaxed  auricle,  a  lowering  of  its  tonus.  This  cliangc  is  not  related  to  the 
increase  in  the  force  of  the  auricular  (x>ntractions  that  stimulation  of  the  aug- 
ntentor  nerves  al^  causes.  It  varies  much  in  amount  and  is  K^ss  it>nstantlv 
met  with  tJian  the  change  in  force.      The  changeB  in  the  ventricle  and  nurtele 
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probably  account  for  the  rise  of  bbxwl-preasiire  in  the  systemic  arteries  mid  tlie 
fall  in  bt>th  systemic  unci  pulmonary  veins  observe*!  by  Roy  and  Adanii. 

The  s|x?ed  of  the  oanliac  rxciUttion  wave  is  iiifrpased.  Its  |iassa^  across 
the  aurioulo-ventrienlnr  groove  is  also  quickened,  as  i^;  shown  in  tlie  following 
experiment  of  Bayliss  and  Starling.  In  the  dog,  the  artilicial  excitation  of 
the  ventricle  may  cau^c  the  excitation  wave  to  travel  in  a  reverse  dii-eetioo, 
namely,  from  ventricle  to  auricle.  If  the  ventriclGs  are  excitwl  rhytliniically 
and  the  nite  of  excitation  is  gradually  increased,  a  limit  will  be  readied  beyond 
which  the  auricle  no  longer  beats  ia  response  to  every  ventricular  contniction. 
With  intact  vagi,  a  rate  of  Z  per  secfJtid  i^  generally  ihe  limit,  Tf  now  the 
aiigmentor  nerve  is  .stimulate*!,  the  *' ithn'k  "  is  partinllv  rcmovi^J,  and  tlie 
auricle  beats  during  and  fi^r  a  short  time  nftcr  the  stinmlatinu  at  the  same 
rapid  rate  as  the  ventrii-le. 

The  latent  pej-iotf  of  the  excitation  is  lung.  In  the  divg,  about  two  st'couds 
pdSB  between  the  beginning  of  stimulation  and  the  beginning  of  acceleration, 
and  ten  seconds  may  pass  bpfnn'  the  maximum  acfclci'atton  is  reached.  The 
after-effect  may  continue  two  mimitcs  or  more.  It  consists  of  a  weakening  of 
the  contractions  and  nn  increase  in  tlie  difficulty  with  which  the  excitation 
wave  ]>iisscs  from  the  auricle  to  the  veutri(^Ie.  The  return  to  the  former  fre- 
quency is  more  rapid  after  short  than  after  long  stimulations. 

The  effect  upon  tht*  lieart-rate  of  xhitulfiinfouji  Htlmulafion  of  the  vagi  and 
nooelerator  nerves,  according  to  Hunt,  is  determined  by  the  relative  strength 
of  the  two  stimidating  rurrt'Uts.  Por  sub-maximal  stiuinli  the  result  for 
both  systole  and  djastoh-  is  appruximatrly  thr  arithmetical  nn-an  <>f  the  re- 
sult* of  stimulating  tlie  two  nerves  scfwiralcly.^  The  ncc^dcration  that  is  S4Hm 
aRcr  the  stimnhui(*n  of  tfic  vagus  is  due  to  tlie  aftrr-etfcct  of  the  stimulation 
of  accelerating  tiijtvs  in  the  vagiLs. 

The  simultaneous  stimulation  of  the  uugmentnrs  iind  the  vagi,  the  strength 
of  the  current  being  sutficient  to  .sto|)  tin-  auriciihir  contractions,  causes  accel- 
erntion  of  the  ventricular  contractions. 

The  acceleration  id'  the  heart  may  be  more  ^r  less  intermittent,  although 
the  excitation  of  the  augmcntor  nerves  continues.  It  is  probable  that  this  is 
due  to  irradiation  from  the  birhmr  rcsjiiratorv  ccutn*,' 

Otheh  Ckxtkikuoai-  Hkaut-serves. 

lu  the  vago-sympathetic  trunk  and  the  aiinulus  of  Vieussens  fibres  pass  to 
tlie  heart  that  i*annot  Im;  eliL'^stsi  cither  with  ihe  vagus  or  the  aiigiiKiitor  nerves. 
The  evidence  for  their  existence  is  furnished  by  lioy  and  Adami's  observation 
that  when  the  intnu-ardiac  vagiis  mec^lianism  is  neting  strongly,  so  that  the 
auricles  are  more  or  less  completely  arrested,  the  stinujlation  of  the  vagi^)- 
sympatlietic  trunk  sometimes  causes  a  decided  increase  in  the  force  both  of 
the  ventricles  and  the  auricles,  usually  acKHtininiiiicd  by  an  acceleration  of  the 
rhvthm  of  the  heart.  These  clianges  are  tixt  rapidly  jiro<luced  to  Iw?  aug- 
mentor  etrccts, 

^Iltint:  Americtin  Journal  o/  PKyniolotjii,  1890.  ii.  p.  422, 

'  Wortheriiier  and  Lepage  :  Jourtuil  de  pht/Htolw/ie  et  tU  pathtdoyie  ff^itirnU,  1H9R,  p.  236. 
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Ceatnfuj»:ii  inhibitory  ne 
depressor  nerve  of  a  ribbit.* 

Piwlow  divide^  the  inhibitory  and  augmenior  Der\'es  into  four  clnAjoa 
(1)  nerves  inhibiting  the  frequency  of  the  beat,  (2)  nerves  inhibiting  the  force  of 
the  contraction,  (3)  nerve:*  augmenting 
freqacncy,  and  (4)  nerves  augmenting 
furce.  The  origin  of  this  subdivision 
of  llie  two  groups?  generally  reoog- 
nifcd  was  the  observation  that,  in  cer- 
tain stages  of  convallaria  poisoning,  the 
excitation  of  the  vaga«  in  the  neck — all 
the  branches  of  the  nerve  except  thoee 
gojng  to  heart  and  lungs  being  cut — re- 
dooed  the  hlood-pri^wure  witiiout  alter- 
ing the  frwjuency  of  the  beat.  Further 
researches  ?howe<l  that  the  stimulation 
of  bram^h  3  (Fig.  36)  even  in  un|>oi- 
aoned  animals  reduced  the  blood-pres- 
sure independently  of  the  variable  al- 
t*»nition  simultaneously  producKl  in  the 
p»i]se-rate.  Stimulation  of  bran(*h  5 
pniduced  an  acceleration  of  the  heart- 
ln-nt  without  increase  of  blood-pressure. 
Oilier  branches  bnuight  about  rise  of 
pnssure  witiiuut  acceleration,  and  iu- 
creaaed   discharge  by  the  left  ventricle  witluiut  alteration   in   (he  |HiIse-rate, 

These  results  are  supported  further  by  Wodldridge's  olntrvation  that  exci- 
tation of  the  |>oriphoral  cuds  of  certain  nerves  f>n  the  p<v5tprior  surface-  of  tlie 
ventricle  raised  the  blotxl-pressure  without  m^Klifylng  tlie  frerpiency  of  <*onlra<^ 
tioo,  and  by  Roy  and  Adatni's  demonstration  that  <x^rtain  branches  of  the  iirst 
thoracic  ganglion  lessen  the  force  of  the  canliac  contractiim  without  influencing 
its  rhythm.       But  the  matter  is  as  yet  far  from  certain. 

The  Centripetal  Nerves  of  tite  Heart. 
The  "Ventricular  Nerves. — When  tlie  mammalian  heart  is  freed  from 
bhxyi  by  washing  it  out  with  normal  sdine  solution  and  (he  ventricle  is  painted 
with  pure  ctirbolic  acid,  li4|uetitHl  by  warming,  numerous  ncrv*^  appear  as 
white  threa<ls  on  a  brown  background.  They  are  non-medullated,  form  many 
plexuses,  and  nm  beneath  the  pericardium  obliquely  downward  fn>m  the  Inse 
to  the  apex  of  the  ventricle.  They  may  In?  traced  to  the  carrliac  plexus. 
These  fibres  are  not  centrifugal  branches  of  the  vagus  or  the  augmentor  ner%'cs, 
fijr  the  characteristic  eflecis  of  vagus  awl  augnjcnior  stinuilation  are  »een  after 
section  of  the  nerves  in  questicm.  The  i^iimulation  of  their  peripheral  ends^ 
moreover,  the  fibre  being  carefully  dissected  out  from  the  subpericardial  ti^ssne, 

*  Hering :  Arrkivjur  die  paummtte  Phytioiotpe,  1894,  Ivii.  p.  78. 


Fig.  M.— Scbenui  of  the  o«otrlfti|E»l  nerrv*  of 
Ibe  heart  acoordinir  to  Pawlnw :  ].  tigrfv»7^m|rii> 
thellc  nvrve ;  '*,  upper  inner  bruDrli :  s,  itmnc 
ImuT  bnuch:  4.  lower  loner  braocit.  5,  uppor 
and  lower oocer  bnmchea :  ft,  Banglion  ateilMvm : 
7.  KHuulos  of  VIotuMOs ;  S,  mlildle  <  Inferior)  cer> 
viral  ganicllon:  9,  recurrent  Uryogva]  cwnr*. 
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cot  ar?ni»i,  and  tbe  cut  end  raised  i>n  a  thread  in  the  air,  is  without  effect  on 
the  blood-preasure  and  puli$e-rate.  The  stiniulatiun  of  tbe  central  stumps  of 
these  nerves,  on  the  fH)ntrarv,  is  followed  by  changes  both  in  the  blood-pressure 
and  tlie  pul-n;,  .showing  tliat  they  carry  impulses  from  the  heart  to  the  caitliac 
oentre»  in  the  central  nervous  system,  or  perhaps,  acc^ording  to  the  views  of 
winii*  ret-cnt  investigators,  to  peripheral  ganglia,  dnis  modifying  tJie  action  of 
the  hi'urt  n'flexty. 

Sensory  Nerves  of  the  Heart. — The  httnmlation  of  iutrarardiac  nerves 
by  (lie  application  of  acids  and  other  chemiciil  agents  to  the  surface  of  the 
heart  auiscH  various  reflex  actions,  such  iw  niovcniimts  of  tlie  limbs.  The 
aftcn*nt  nerves  in  these  reflexes  are  tlie  vagi,  for  the  reflex  movements  dis- 
ap|H-ar  when  the  vagi  are  cut.  On  the  strength  of  these  experiments  the 
vagus  hn*4  iH'cn  Ijclifv^i  to  wirrv  nensorv  impressions  from  the  heart  to  the 
bmin.  l)trect  stirnulation  of  the  Ijutiiaii  heurt,  iu  cases  iu  which  a  defect  iu 
the  chest-wall  has  made  the  organ  accessible,  give  evidence  of  a  dim  and  very 
liniitCHl  recognition  of  cardiac  events — for  exaui}>lej  the  compi-essiou  of  the 
lit'iirt.  diuiigi'S  in  tlie  force^  |>criiMlicity,  and  conduction  of  tlu-  L'ontmction- 
wave  may  be  produced  by  direct  electrical  stimulation  of  the  ventricle.  The 
eentn.'  of  these  reflexes  prxibiddy  liis  in  tlie  liulb.' 

Vagrus. — The  stimulation  of  the  ccntml  end  ol"  tlic  cut  vagus  nerve,*  the 
other  vagus  being  intact»  causes  n  slowing  of  the  pulse-rate.  The  section  of 
the  siM'ond  vagus  musics  tliis  rrlanlalion  of  tlie  jtuls*^  to  disap|»ear,  indicating 
(hat  the  stimulation  of  the  central  end  of  tlii?  one  aflects  the  lieart  reflexly 
through  the  agenev  of  the  (»tlier  vajrns.  The  blood-pressupc  in  simultaneously 
ntfccdxl,  licing  s<imetiines  lowered  and  sometimes  raised,  the  difleivnce  seeming 
t*»  iie])end  largely  on  the  varying  compisilimi  of  tiie  vagus  In  diircrent  ani- 
mals and  in  different  individuals  of  the  sume  s])eeies.  The  stinmlalion  uf  the 
pulmoniu-y  branches,  by  gently  forcing  air  into  the  lungs,  loud  speaking,  singing, 
('(<•.,  is  s'lid  to  incri-uw  ilu^  frequency  of  the  hearl-beat.  Yet  the  eheiuical 
stinuiltilion  of  the  niucims  mernbi-ane  of  the  hings  is  alleged  to  slow  the  pulse- 
rate  and  lower  llie  blood-pressure.  Oljservers  differ  as  to  the  results  of  stim- 
ntation  of  tlie  eentml  otui  of  the  laryngeal  branches  of  the  vagus  on  the  pulse- 
rute  and  bUKKl-pivssurc. 

Depressor  Nerve. — The  earlier  stimnlatinus  of  the  ner\'es  that  pass 
Ulwccn  the  tvutral  nervous  system  and  the  lieart,  with  tlie  exception  of  the 
vagns.  altered  neitlier  the  bloml-prc-ssnre  nor  the  pulse-rate.  Ludwig  and  Cyon 
suspect<Ml  (hat  the  negative  results  were  owing  to  the  fact  that  the  stimulations 
wen*  conflni*d  to  the  end  of  the  cut  nerve  in  connection  with  the  heart.  Some 
of  tlu'  nerves,  thev  thought,  shotdd  earr^'  impulses  from  the  hcjii't  to  the  brain, 
and  sm'h  nervt^  couhl  be  tbund  only  by  stimulution  of  the  brain  end  of  the 
out  nerve.  Tlu^v  began  iheir  research  for  these  aflercnt  nerves  with  the  branch 
whieli  springs  from  the  rabbit's  vagus  high  in  the  neck  and  jiasses  downward 
to  thu  gimglion  stellatuui.    Their  suspicion  was  at  once  contirmed.    The  stimu- 

*  MiMkens:  Artkif/Ur  dit  ^nammtt  Vkytido^^  1897,  Ixvi.  p.  338. 
*Uuitl;  JmnuUnf  Pkfmlaf^,  1896,  xvUL  p.  »81 
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latinn  of  the  central  end  of  this  iiorve,  L-alUtl  hv  Lmlwig  ami  Cvon  the  dq>ix?s- 
w>r,  cansod  a  ("onsideraWe  full  of  the  hIo<xl-pre.ssnre. 

The  depressor  ncTvo  nrises  in  the  I'ahUit  hy  two  n>nt.«,  one  of  whieh  eomcs 
from  tlie  trunk  of  the  va^iis  itself,  the  olhcr  i'rom  a  bniueh  of  the  va^us,  tlie 
»ij|^rior  larvnj:cal  ner\'t\  Frw^ncntly  the  origin  is  single;  iu  that  cac*  it  is 
usually  from  tlie  ncrvus  laryngeus.*  The  nervus  depres8or  runs  in  eompany 
witli  the  symputfu'tic  niTve  to  t[ie  ehest,  when'  coniiiinntdations  are  made  with 
the  hmnehes  oF  th*-  ganglion  sti'llatuni. 

The  stimulation  of  the  i>eripiienil  end  of  the  depressor  nerve  is  without 
effbet  on  the  lil(HNl-|>resMtrt'  anil  fieiirt-lieat.  The  .-stimulation  of  the  «'ntnd 
end,  on  the  eontrary,  «uis<'s  a  gradual  fall  nt*  the  general  hhxKl-pressiire  to  the 
half  or  the  third  of  its  former  lieigitt.  After  the  stimulation  lis  stopped,  the 
Wl(K)d-pre^Htire*  r**turris  gradnallv  to  its  previous  level. 

Simultaneuusly  wilii  tlic  liill  iu  hlood-presstire  a  leseeniug  of  the  pulse-rate 
set*  in.  The  slowing  'i?-  most  marked  at  the  lieginning  of  stiniulation,  and  after 
rapidly  reaching  its  niaxinmm  (^jves  way  crradually  initil  the  rate  is  almost 
what  it  was  Ijefore  the  stimulation  liegan.  Alh-r  stininlation  tlie  fi-etiuency  is 
eommonly  greater  than  previous  to  stinuihition. 

After  seetion  of  both  vagi,  the  stimulation  oi'lhe  depres*in>r  «m-<t4  no  change 
in  the  pidse-raH',  hut  (he  bliKMl-pn^'itire  falls  as  usual.  Tlie  alteration  in  fre- 
ipieney  is  therefore  l>rf»ught  ah^ut  through  sliinnlation  of  the  eardiar  iidiil>it4irv 
centre,  at*ting  on  the  heart  through  the  vagi.  The  ex]x»nnieut  teacher,  further, 
tlint  the  al(ei*ali<>n  in  pressure  is  not  dejK'nth'Ut  on  the  integrity  of  ilii-  vai;i. 

Pois<»niug  with  eunire  pandyze>  all  motor  meehaiuMiis  except  the  henri  and 
the  muH(*lft*  of  the  hlootl-vessels.  Yrt  ciirai^e-poiponing  dm'-*  not  affect  the 
result  of  depressor  stinvulation.  I^he  can>e  of  the  fall  in  hhwid-prp-^^ure  must 
be  ijought  then  citlier  in  the  heart  or  the  rrtlex  dilatation  uf  the  hl'MMJ-vessels. 
It  cannot  l>e  in  the  hearty  for  depivssor  stimulation  lowers  the  hl<MKl-prest*ure 
after  all  the  nerves  going  to  tlie  heart  have  been  severetl.  It  must  therefore 
lie  in  the  blood-vessiels.  Ludwig  and  tVon  knew  that  the  dilatation  of 
the  intestinal  ves^ls  coidd  prixlnce  a  gn^it  fall  in  the  blood-prcssui'e  and 
turned  at  once  to  them.  Seetion  of  the  splanchnic  uen'e  eauited  a  dilata- 
tion of  the  aUlominal  vessels  and  a  fall  in  the  blood-pressure.  Stimula- 
tion of  the  jK'ripheml  emi  of  the  cut  splanchnic  <-aused  the  bUxKl-preA-^urc  to 
rise  even  beyond  its  former  height.  Lndwig  and  fVon  reasonwl  that  if  the 
depri'ssor  lowers  the  bhwMl-pressnn*  <-hit'llv  by  alf«^*lintr  [lit»  splHurhnic  nerve 
reflcxly,  the  stimulation  of  the  central  end  of  the  (h'pn^Rsor  after  section  of 
the  Bplanehnio  lu^rves  ought  to  have  little  effect  on  the  blood-presHiire.  This 
proved  t4>  l>e  tlie  ease.  The  investigators  concluded  that  the  depn*s«or  re- 
duct»8  the  blooil-pn'!*»ure  chiefly  by  lessi'ning  the  tonus  of  the  veso*eU  govenied 
by  the  splanchnic  nerve,  thus  aUowing  their  tlilatation  and  in  con.Heqnence 
Icji^iening  the  p4'ripherjd  resistance.  The  fallacy  in  this  argument  has  iv- 
oently  bren   pointetl  out  liy  Porter  an<l  1-k'ver.'     The  stimulation  of  the  de- 

*  Tst'liirwinskv:  Cmlmtftiafi  ft'tr  7 'Ayn«>/oyu-,  IKlXl.  ix.  p  778,  givea  ft  soraewhal  difli*«*ia 
HOC  Hint 

'  PorMr  and  fioyur  :  Anurintn  Journai  of  Pht/gioto^,  1900,  ixUL 
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pressor  'oSier  sivtioii  of  the  splanchnic  nerves  lias  little  effect,  because  the 
blood-prrsftiire  is  alifady  su  kiw  when  the  stimulation  is  maiJe  tliat  it  CJin  sink 
bnt  little  mort'.  When,  however,  the  pressure  is  restoreil  toils  niwuial  level, 
after  section  of  the  splanehnie  nerves  by  the  stiiniilation  of  their  perij>heral 
ends,  or  by  the  injection  of  normal  saline  soliition  into  xhv  vessels  ami  the 
depn'ssors  th(!n  stimulated^  thr  ftill  in  blood-presMire  is  in^aHy  and  some- 
times quite  as  great  as  lliat  obtuiiUAJ  liy  tli*'  -titunlalion  of  the  depres.-^or 
nerve  when  the  splanchnic  nerves  are  intact.  It  is  improbable,  therefore, 
that  the  depressor  acts  chiefly  through  the  s]»laiiehnie  nerves.  It  probably 
acts  ou  all  tlie  vasomotor  nerves  connected  witli  tiic  va^soimuor  centre.  This 
view  is  somewhat  strengthened  by  the  observations  of  Bayliss  (Fig.  37). 

It  has  already  lx«n  sitid  that  the  depressor  tibres  pass  from  the  heart  to  the 
vnso-motor  meelianism  in  the  central  nervous  system.  The  eiu'diao  fibres  are 
probably  stiinulattnl  when  the  heart  is  overfilled  thi'on^h  lack  of  expulsive 
force  or  through  excessive  venous  inflow,  mid,  by  i^lucing  the  jieripheral  resist- 
ance, assist  the  engorged  organ  to  empty  itself. 

The  depressor  nerve  is  not  in  contimiul  action  ;  it  has  no  tonus;  for  the  sec- 
tion of  both  depressor  nerves  causes  no  altei*atit>u  in  the  blood-pressni'e. 

Sewall  an<l  Steiner  have  obtained  in  some  cases  a  i>ermanent  rise  in  blood- 
pressure  following  section  of  both  tlepressors,  yet  they  hes^itate  to  say  that  the 
depressor  exercises  a  tonic  action. 

8pallita  and  Consiglio    have  stimulated  the  depressor  before  and  after  the 


J 


Fio.  37,— Sli-  ^'   M     .  prt-ssure  and  the  'UlatHtion  nf  pt-riphirml  VffPt'lfi  from  etimula- 

tlon  of  the  central  tiid  oj  Hie  dtprc^tsor  nerve  (Buylifisi :  A,  eiirvt  of  MkHMl-preMsnre  In  Ihi-  ciirotld  artery  ; 
B,  votume  nf  biud  nmb,  recorded  by  a  plettiysmogntph  ;  f '.  electromu^net  hue,  i\\  which  the  elevation 
«huw«  the  time  of  ttiinulatiun  of  the  nerve :  D,  ftimoiipherie  pressurc-Une :  E,  time  In  sccouds. 

section  of  the  spinal  accessory  nerve  near  its  junction  with  the  vagus.  Thev 
find  that  aller  &e<iion  of  the  spinal  accessory,  the  stimulation  of  the  depressor 
does  not  aflect  the  pulse,  whence  they  conclude  that  the  depresj^or  fibres  that 
affect  the  blood-pressure  are  separate  i'rom  thtjse  that  uifect  the  rate  of  beat,  the 
latter  l*eing  derived  from  the  spiuul  accessory  nerve. 

A  recent  study  by  Bayliss*  brings  out  several  new  facts.    If  a  limb  is  placed 

'fiayltas:  Jouiiuit  of  PhjMulifjy,  189-'$,  xiv    p.  303.     The  relation  )«twcen  ihe  depressor 
nerve  tnd  the  thvroid  is  pointed  out  hy  v.  Cyoii :  Centratblait  fur  Phytiolo^iey  l«y7,  ii  \i\i.  279,  357. 
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iu  Mo6»o^8  plethysmognipli  and  the  central  end  of  tlie  depressor  stimulateil, 
the  volume  of  die  limb  iucreuscs,  showing  au  active  dilatation  of  the  vessels 
that  supply  it  The  latent  jM-riiMl  of  this  dilatation  vari(^  greatly.  The  vessels 
uf  the  skin  play  a  large  part  iu  it^  pruduetiou.  A  similar  local  action  is  seen 
on  the  vessels  of  the  head  and  neck  (see  Fig.  37). 

The  depres*>r  fibres  vary  much  in  sJie  in  different  animals.  When  the 
nerve  Is  small,  a  greater  depressor  effect  «ni  Im?  obtained  by  stimulating  the 
central  end  of  tlie  vagus  than  from  the  dcprets^^or  itself.  But  the  course  of  the 
fkll  is  different  in  the  two  cases.  Witli  the  depre«6or,  the  fall  is  maintained  at 
a  constant  level  thiring  the  whole  excitation,  liowever  long  it  lasts,  whereas 
in  the  ease  of  the  vagus  the  pix-s-^iure  very  soon  returns  to  its  original 
height  although  the  excitation  still  continues.  B:iyllss  believes,  therefore, 
that  tluT*'  is  a  cuiisidfrnUlc  tllffVrciu^f  brlwecn  th**  t't-ntral  riniin*ftions  w^  the 
rlepressor  nerVL'  ifisilf  and  the  flcprt'SMir  libtvs  stjUR-tifues  fmind  in  diher  nerves. 

The  left  depressor  nerve  usually  produces  a  greater  fall  of  pressure  than  the 
right.  The  excitation  of  the  s<*cond  nerve  during  tlie  excitation  of  the  first 
pnxluces  a  greater  fall  than  the  excitation  of  one  alone. 

The  fibres  of  the  depressor,  in  part  at  laist,  end  in  the  wall  of  the  ventricle. 
A  similar  nerve  has  l»eeu  demon»<trate<l  in  the  lat,  horse,  dog,  sheep^  swine, 
and  in  man. 

Sensory  Nerves. — The  first  and  usually  the  only  effect  of  the  stimulation 
of  the  ceutnd  end  of  a  mixed  nerve  like  the  sciatic,  according  to  Roy  and 
Adami,  is  au  increase  in  the  force  and  the  frequency  of  the  heart-beat.  Other 
obnervers  have  sometimes  J'ound  ipiickening  and  st>metimes  slowing  of  the  pulse- 
rate,  flo  that  sensory  nerves,  as  Tigerstedt  suggests,  apfiear  to  afle<H  both  the 
inhibitory  and  the  augmenting  heart-nerv»*s.  When  a  sensory  nervf  is  wcjikly 
excit«^l  the  augmentor  etfeel  preilominates,  when  strongly  exeited  the  iuhibi- 
lon'.  A  well-known  demonstration  of  the  reflex  action  of  the  sensory  nerves 
on  the  hean  iii  seen  in  the  slowing  of  the  mbbit's  heart  when  the  animal 
18  made  to  inhale  chloroform.  The  su|M;rior  laryngeal  and  the  trig(;*miniis 
nerves,  e?j>ecially  the  latter,  convey  the  stimulus  to  the  nerve-cenlix's. 

The  stimulation  of  the  ntrnns  of  special  satse,  optic,  auditory,  olfacl»>r>'  and 
glowo-pharyngt^il  nerves  also  sometimes  slows  and  s^imotimes  quickens  the 
heart. 

Sympathetic. — The  reflex  action  of  tlie  sympathetic  nerve  upon  the  heart 
is  well  shown  by  the  celcbnite<l  exp<*riment  of  F.  Goltz.  In  a  medium-sized 
frog,  the  jiericarduMii  was  ex[K)setl  by  carefully  cutting  a  small  window  in  the 
chest-wall.  Tlie  pulsations  of  the  heart  oould  be  seen  through  the  thin  peri- 
Liinlial  membrane.  Goliz  now  began  to  beat  upon  the  alwlonK'n  abc>ut  140 
timet  a  intnule  with  the  handle  of  a  8cal|)el.  The  heart  gradually  slowed,  and 
at  lengtli  stood  still  in  diastole.  GoUz  now  ceased  the  rain  of  little  blows. 
The  heart  remaiue<l  (iniet  for  a  time  and  then  began  to  beat  again,  at  first  slowly 
and  then  more  rapidly.  Some  lime  after  the  cx|>erinieut,  the  htairt  Ixat  about 
five  strokes  in  the  minute  faster  than  befine  the  experiment  was  begun.  Tlie 
effect  cannot  be  obtained  aller  section  of  the  vagi. 
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B«nistein  faiuicl  tliat  the  afferent  nerves  iu  Gtjltx's  experiment  were  branches 
of  the  alMlonuiml  .sym|iathetic,  and  discovered  that  the  stimulation  of  the  cen* 
tral  end  of  the  abdoniinal  svnipathetit'  in  the  rabbit  was  followed  also  bv  reflex 
inhibition  of  tlie  heiirt. 

The  stimulation  of  the  central  end  of  the  splanchnic  produces  a  reflex  rise 
of  blood-pres.sure  and,  perhaps  secondarily,  aislowin^  of  the  heart.  In  some 
«»sca  acceleration  has  l>cen  observed.  Aeeoivling  to  Roy  and  Adami  splanch- 
nic etiroulation  ^oiuetimes  produces  a  combination  of  augmeutor  and  vagus 
cfTV-Ks,  the  augmentation  appL'iirintr  dnririj;^  stimulation  and  giving  place 
abruptly  to  well-marked  inhibitory  ?!ilowiMg  at  the  close  of  stinndation. 

The  results  of  stimulating  various  alMloniinal  viw^era  have  been  studied  by 
Mayer  and  Pribram.  One  of  tlic  most  interesting  of  the  reflexes  obsei*\'e<i  by 
them  was  tlie  inhibition  of  tliu  liwirt  called  forth  by  dilating  the  stomach. 

The  stimulation  of  tiie  (vrvif^al  sympathetic  doe.s  not  give  any  very  constant 
results  on  the  action  of  the  heart. 

B.  The  Centres  of  the  Hbabt-nerves. 

Inhibitory   Centre, — It    has    Wo    already  mentioned   that   the  brothers 

WoluT  hvcidized  the  cardiac  inhibitfirv  (*enlre  in  the  metlulhi  oblongata.  The 
efforts  to  fix  tlie  exact  hieation  of  the  reiitre  by  stiuuilati4in  of  various  purt^, 
either  mechauic^ally,  by  thrusting  fine  needles  into  the  medulla,  or  electrically, 
cannot  inspire  greiit  confldcnce  l>eeause  of  the  difficulty  of  distinguishing 
betvveeu  the  results  that  follow  the  excitation  of  a  nerve-j>ath  from  or  to  the 
centre  and  those  following  the  excitation  of  the  centre  itself.  According  to 
Ijuborde,  who  also  use<.l  ihls  metlnMl,  the  cardiac  inhibitory  centre  is  situated  at 
the  level  of  the  mass  of  cclLs  known  as  the  accessory  unclous  of  the  hyjxiglossns 
and  the  mixcfl  nerves  (vagus,  sjnnal  accessory,  glosso-|iharyngeal). 

The  lotailization  of  the  (centre  by  tlie  method  of  successive  sections  is  per- 
haps more  trustworthy,  Franck  has  found  that  the  separation  of  the  bulb 
from  tiie  spinal  cttrd  cuts  off  tJte  reflexes  calleil  fortli  l)y  nurvei?  that  enter  the 
spinal  cord,  whih^  leaving  undisturbed  the  reflex  pro<hioed  by  stimulation  of 
the  trigeminus  nerve. 

On  the  whole,  there  seems  to  be  no  doubt  that  the  cardiac  inhibitory  centre 
is  situatcfl  in  the  bulb. 

Tonus  of  Ou'ffffri'  Inhlhifonf  Ctufre, — The  cartliae  inhibitory  centre  is  prob- 
ably always  in  action,  for  when  the  vagus  nerves  are  cut,  the  heart-beat 
becomes  more  fi'equent.*  The  source  of  this  rantinned  or  "tonic"  activity 
mav  lie  in  the  c<jntinuous  disrlmrge  of  inlnbilory  impulses  created  by  the 
liberation  of  energy  in  the  cell  independent  of  dirwt  external  influences,  or 
the  cells  may  be  dischurge<l  by  the  i-ontinuous  stream  of  all'crcnt  impulses 
that  must  a>nstantly  play  upon  them  from  tlie  multitude  of  aOerent  nerves. 
This  latter  theory,  the  conception  of  a  reflex  tonus,  is  made  probable  by  the 
ol>servations  that  se<.:lion  of  the  vagi  does  not  increase  the  rate  of  beat  atW 
the  greater  pjirt  of  the  afferent  impulses  have  been  cut  otf  by  division  of  the 

'  Hunt :  American  JounutI  vf  Phyaioloffff,  1899,  ii.  p.  397. 
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near  its  junction  with  the  bulb,  aud  that  the  sudden -decrease  in 
tlie  number  of  afferent  inipiilsea  caused  by  section  of  the  Hplatichuic  nerve 
quickens  the  |uilso-rate, 

In-fuUntion. — Tlie  sluwii»g  of  thi-  rate  of  beat  observed  chiefly  during  the 
expiratory  portion  of  respiration  (lisapjHmrs  after  the  sertion  of  both  vagus 

Inervts.  The  slowing  \\\i\y  |wrha[Ks  Le  due  to  tlie  stimulation  of  the  cardiac 
inhibitory  centre  by  imuliatiuu  from  the  respirator}"  centre.' 
Origin  of  Oar<Uac  Inhibitory  Fibres. — iSince  the  researches  of  Waller  and 
oljiers,  il  ha.«  Iri'm  i^entnilly  Iwlieved  tliat  the  cardiac  inhii>it*)n'  fibres  enter 
iJie  vagus  from  the  spinal  acci^ssory  nerve,  for  the  n-ason  that  eanliuc  inhibi- 
tion yvns  not  socure<l  in  animal.-*  in  which  the  fibren  in  the  vagu.s  derived  from 

H  the  spinal  accessory  norvc  were  made  to  degenerate  by  tearing  out  the  latter 
before  its  junction  with  the  vagus.  These  results  have  lately  been  called  in 
question  by  Grassmann.*     The  method  employed  by  his  preilect^sors,  according 

H  to  him,  prolwibly  involved  the  destruction  of  vagus  roots*  as  well  as  those  of 
the  spinal  awessorx'.  Gnissniiinn  tirids  thnt  the  siirnnlnlion  tif  tlie  Kj)iiial 
accessory  nerve  before  its  junction  with  the  vagus  dws  not  inhibit  the  licart. 

H  Nor  does  Inhibition  follow  the  stimnhition  of  the  bulbar  roots  supposed  to  be 
contribute*!  in  the  mixed  nerve  by  tli'^  spinal  acc<'S'^)rv. 

Augmentor    Centre. — Tlie    Hituation   of  the   centre    for    tlie    augmentor 
uer\ew  of  the  heart   is  not  definitely  known,  although  from  analogy  it  seems 

H     probable  that  it  will  be  found  In  the  bulb.     That  thii^  <-cntre  is  constantly  in 

^^  action  is  indi^-atriJ  Uv  the  lowering  of  tti*;  pulst^-rale  after  section  of  the  vagi 
followwl  by  the  bilatend  extir|T:itJO]i  of  the  inferior  cervical  and  fii-sl  thoracic 
ganglia.'  The  division  of  the  spinal  cord  in  the  upper  cervical  region  after  the 
section  of  the  vagi  has  the  same  ettW-t.  Vagus  inhibition,  moreover,  is  said 
to  be  mtvre  readily  prcMluf-'cd  after  section  of  the  augmeniur  nerves. 

^fe  McWilliam '  has  remarked  that  the  latent  period  and  the  cJiaracter  of  the 

acttflenition  often  acc<.>m|Mmying  the  excitation  of  afferent  nerves  may  differ 
entirely  fi"om  the  characteristic  effect.s  of  the  excitation  of  augmentor  ner\'es. 
The  stimulation  of  the  latter  is  followed  by  a  long  latent  period,  after  which 
the  rate  of  Ix-at  gpaduully  increases  to  its  maximum  and,  after  excitation  is 
over,  as  gradually  d(X'lines.  The  excitation  of  an  afferent  nerve^  on  the  cf>n- 
trary,  rauses  often,  with  almost  no  latent  pericnl,  a  remarkably  sudden  accel- 
eration, that  reaches  at  once  a  high  value  and  often  hud<lenly  gives  way  to  a 
«low  heart-bciit.  These  facta  seem  to  show  that  i-eflex  accelcnitiou  of  the  heart- 
teat  is  due  to  changes  in  tlie  cardiac  inhil»itory  centre,  and  not  to  augmentor 
excitation.  This  view  is  strengthened  by  the  fact  that  if  the  augmentor  ner\'e8 
are  cut,  the  vagi  remaining  intact,  the  ittimulntion  of  afferent  fibres,  for  exam- 
ple in  the  bnuhial  nerves,  «m  still  «iuse  a  marked  quickening  of  the  pulse- 
rate.     In  short,  the  action  of  afferent  nerves  upcm  the  rate  of  beat  is  essentially 

•Laiilnni^:  Omptrji  rtruluA  SotHtf  dt  Biotogif^  1803,  p.  723.     Ccmipare  Wood:   Amerieim 
Jouriuii  a/  Ph\i»itAorjy,  ISltV,  ii,  p  ^VJ. 

'  (triMwiimiin:   Afrhn/Ur  dif  gc$ammlf  J*h]/Kit^oyir    I8y/i,  lix.  p.  6. 
■  Hnni :  Amrhcnn  JimnuU  of  Phyttivtoyy,  Ixi»y,  ii.  |>,  397. 
•  MLAVtlliuni  :   Proeeedimj*  Royal  SotUty,  1883,  liii.  p.  472. 
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the  flame,  according  to  this  obsener,  whether  the  augmentor  nerves  are  divided 
or  intact. 

Ruy  and  Adami  believe  that  the  stimulation  of  afferent  nerves,  such  v^  the 
aoifltic  or  the  Fplanehnie,  excites  both  augmentor  aiwi  va^is  centres.  The 
augmentor  centre  is  ahiiut?t  alway-s  tlie  more  strongly  excited  of  the  two,  so 
that  aupmentor  effects  alone  are  usually  obtained. 

Action  of  Higrher  Parta  of  the  Brain  on  Cardiac  Centres. — Repeated 
effortfl  have  l)cen  made  to  find  areas  in  the  eortex  of  the  brain  especially 
related  to  the  inhibition  or  augmentation  of  the  heart,  but  with  results  so  con- 
tradictory as  to  warrant  tlie  <'*>u**iusi(m  that  the  influence  on  the  heart-l>eat 
of  the  parts  of  the  brain  lying  al>ove  the  cardiac  centres  does  not  difl*er  essen- 
tially from  that  of  other  organs  peripheral  to  those  (-entres. 

Voluntary  control  of  the  heart,  by  which  is  meant  the  |M)wer  to  alter  tlie 
rate  of  beat  by  the  exercise  of  the  will,  is  impossible  except  as  a  rare  iudi- 
Aidnal  peculiarity,  commonly  acr*f)mpaiiird  by  an  unusual  control  over  muscles, 
such  as  the  platysma,  not  usually  subj(>ct  to  the  will.  Cases  are  described  by 
Tarchanoff  and  Pease,  in  which  accelenition  of  the  beat  up  to  twenty-seven 
in  the  minute  was  produced,  together  with  inciva^c  t)f  blood-pressure,  from 
vaso-eonstrictor  action.     Tlie  ex|»enments  art^  dan<:('ri>u.s.* 

Peripheral  Reflex  Centres. — ft  is  now  miuh  lUscussed  whetlier  the  |>eriph- 
eral  ganglia  can  act  as  centres  of  retlex  action.  Acet>rding  to  Franck  ^  the  excita- 
tion of  the  cvntrul  stump  ol'  tlic  iliviik'd  left  iintcrior  limb  of  the  aniiulus  of 
Vicnssens  is  traustbnncd  within  the  i\v>i  ihoiacic  ganglion,  IsoIuUhJ  trom  the 
spinal  cord  by  section  of  its  rami  communicantes,  into  a  motor  impulse  trans- 
mitted bv  llu'  [>(>steri<)r  lijnb  of  tfnj  annulus.  This  motor  impulse  causes,  inde- 
pcndcntlv  ul'tlie  iHilljo-spiiial  centres,  a  ixtlex  augmentation  iu  the  actitm  f>f  tlie 
heart,  and  a  reflex  r^mstriction  of  the  vessels  in  the  external  oar,  the  j-ubmaxll- 
lary  gland,  and  the  nasaJ  niurous  membrane.  This  ex^Knitnent,  in  catijunrtion 
with  ttie  facts  in  I'avor  of  other  synijmtlictic  ganglia  acting  as  reflex  ivuti-es,* 
seems  to  demonstrate  that  sume  alferetit  irnpuiso  an*  iranslWrmed  in  the  sym- 
pathetic cjirdiac  ganglia  into  efferent  impulses  modifying  the  action  of  the 
heart.  If  this  conclusion  is  confirmed  by  futnro  investigations  it  will  pro- 
foumllv  miMlily  the  views  now  enteiiaintnl  regjjnliug  the  innervation  t>f  the 
heart. 

The  rjrfjfriiiimfa  of  SfaunatA,  published  in  18o!3i  have  Ix-en  the  starting- 
point  of  a  very  great  numl>cr  ui'  reseai'ciies  on  the  innervation  of  the  frog's 
heart.  Staunius  observe*!,  anmiig  other  factSj  that  the  heart  remained  for  a 
time  arrcstetl  in<liastole  when  a  ligiitiire  was  tied  about  (he  heart  precisely  at 
the  junction  of  the  sinns  vcnosus  with  the  right  aiuiclc.  No  suffieieut 
explanation  of  this  result  has  yet  been  given,  nor  is  one  likely  to  be  found 
until  tlie  innervation  of  the   heart  is  better   underetotwi.     Stamiiiis     further 

*  Van  de  VelJe  :  Areftivfuf  die  tfrmmmfe  Pbygutlotfir^  1897.  Ixvi-  p  232. 

'  Frnnck  :  Airhirnt  tU  PftyKutlwju^f  1894,  p.  7'il. 

'  Langley  iind  Anderson:  Jonmnl  of  rhyn'oiofj;/.  ISiM,  xvi.  p.  43''».  'I'lie  iillempt  of  Prof. 
Kr*>ne*cker  to  demnnalrate  a  co-nnlinaiiiig  centre  in  ihc  ventrides  rimy  l>e  mentioned  hetn  {Zeit- 
tekrifi  /Ur  BioloffU,  1890,  xzxiv.  p  529). 
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tfaefVijd  that  after  the  lipiturc  just  iltsorilKfl  ha<l  lxK*n  drawn  tiglil.  thus 
arrufting  tlie  ht-urt,  the  placing  ai  a  second  li^ture  around  the  heart  at  the 
jui)ctioD  of  the  auricle  and  ventricle  caused  the  latter  to  begin  to  beat  again, 
while  tlie  auricle  remained  at  rest.  This  fKH'ond  ligature,  it  is  generally 
admitted,  stimulates  the  ganglion  of  Hid<ler,  and  the  ventricle  rRi|K»nds  l»y 
rhythmio  oontractlontf  to  the  constant  excitation  thus  prodnre^l.  lAH»8ening  tlie 
ligature  ami  so  interrupting  the  excitation  .«t<»|>s  the  ventricular  beat. 


I 


PART    in— THE   NUTRITION  OF   THE    ITKART. 

The  cells  of  which  the  heart-wall  ai*e  <n.>m|K>;»eil  ai*e  uonri.siietl  bv  contact 
with  a  nutrient  fluid.  In  ln*:irts  consisting  of  relativolv  few  cells  no  special 
means  of  bringing  the  uutriciit  Huid  to  the  cells  is  required.  The  walls  of  the 
minute  globular  heart  of  the  small  crustai-^'an  iJaphnia^  for  example,  are  voxn- 
|x>8ed  of  a  single  layer  of  cell-*,  each  of  whiili  i^  Lathcil  by  tlie  Huid  which  the 
heart  pumj^is.  In  larger  hearts  with  thii'ker  walls  nnly  the  inncrmosr  cidU 
could  be  fed  in  this  way.  Special  means  of  distributing  the  bhHxl  throughout 
the  substance  of  the  organ  are  necessary  here. 

Pafieages  in  the  Prog's  Heart. —  In  the  frog  this  distribution  is  a<x«in- 
plished  cliiefly  through  the  irregular  ]Nis£jage8  which  go  out  frc»m  the  cnvities 
of  the  heart  l>etwwn  the  muscle-lniMdles  to  within  even  the  fnictlon  of  a  milli- 
meter of  tile  external  surface.  Thes*.'  pvssages  vary  greatly  in  size,  Many  are 
mere  capillaries.  They  are  lined  by  a  prolongation  of  the  cndothehum  of  the 
heart.  Killed  by  every  diaslule  and  entjuieil  by  every  systole,  they  do  the 
work  of  blo<Hi-vessoIs  and  carry  the  bh«Kl  to  every  part  of  the  airdiac  muscle. 
Henri  Martin'  de?«'ril>e8  a  coronarx*  artery  in  the  fr<»g,  analogous  lo  the 
coronary  arteries  of  higher  vertebrates.  This  artery  e^upplies  a  part  of  rlie 
auricle:*  and  tlie  upix'r  fourth  of  tlie  ventricle. 

In  the  rubLnt.  uit  luul  dog,  ami  in  man  a  well-developed  system  of  canliao 
vessels  exists,  the  coronary  arteries  and  veins.  Their  distribution  in  the  dog 
deserves  especial  noticv,  I)ecause  the  physioh^ical  problems  oonneclwl  with  thefte 
vessels  have  lx?en  htudietl  chiefly  in  this  animal. 

Coronary  Arteries  in  the  Doer. — Id  the  dog  the  coronary  arteries  and 
their  larger  bninches  lie  ii|Hin  the  surface  of  the  lurart,  covcnni  as  a  rule  onlv 
by  the  jx'ricarditmi  and  a  varying  quantity  of  i-onnectivc  tis>ue  and  lat.  The 
left  coronary  arter>'  is  extniordiniu*ily  short.  A  few  milllnieleis  after  its  origin 
from  the  aorta  it  divides  into  the  large  ramus  circumflex  and  the  dcsceu- 
dens,  nearly  as  large.  The  former  runs  in  the  auriculo-ventricular  furniw 
around  the  left  ?^ide  of  the  heart  to  the  |Hi.'«terior  surface,  ending  in  the  pos- 
terior inter-ventricular  furmw.  The  left  auricle  and  the  upper  anterior  and  the 
f»ostorior  p*.»rtion  of  the  left  ventricle  are  supplitMJ  by  this  iirterv.  The  deseen- 
deoa  runs  downwanl  in  the  anterior  inter-ventricular  turn>w  to  the  a{)ex.  (^lo»e 
to  its  origin  the  descendens  givee  ofl*  the  arteria  septi,  which  at  onoe  enters  thd 

'  Martin  :   OfmpttM  rtmltu  Suriftf  tU  BuAotfit^  ISS.*^  p.  75<|. 
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inter-veptric'iilar  septum  and  passes,  sjmracly  covered  with  mnscle-bundles, 
obliquely  downward  and  backward  on  the  right  side  of  the  septum.     The 

descendrns  in  its  farlhertyjiirso  gives  off  mimerous  Hrauches  to  the  left  ventricle 
aud  the  anterior  i>art  of  the  sefidiiu.  Only  w  few  snial!  branehei>  go  to  the 
right  ventricle.  TJins  the  descendeiis  f^iipplies  tlie  septum  and  the  inferior 
anterior  part  of  the  left  ventriele.  The  right  coronary  artery,  imbedded  in 
fat,  runs  in  the  right  anricnh>-ventrii*iihir  groove  around  tlie  right  side  of  the 
heart,  siJ])plying  the  ri^'fit  auricle  and  ventricle.  It  is  a  much  .smaller  arterv 
than  eitlier  the  circiiniHex  or  desccndcus.  Each  coronary  artery  kecjw  to  its 
own  boundjirios  and  does  not,  in  the  dog,  pas;^  into  the  field  of  another  artery', 
as  soinctiincs  lia[»peijrf  in  Joan.' 

Terminal  Nature  of  Coronary  Arteries. — The  <H>ronary  arteries  in  the 
dog,  as  in  man,  are  l^rnunal  arteries,  that  is,  tin- anastomoses  which  their  branches 
have  with  ncighUnring  vessels  do  imt  permit  tlio  making  of  a  etdlatcrai  ciivala- 
tioD.  Their  terminal  nature  iu  the  human  heart  is  shown  by  the  formation  of 
infarcts  in  the  are;is  supplied  by  arteries  which  have  l)eci\  jthiggeil  by  embo- 
lism or  thrombosis.  Tliat  part  nt'tlic  heart-wall  supplinl  by  the  stopped  artery 
speedily  decaiys.  The  blorHlless  area  is  of  a  dull  while  color,  often  faintly 
tingi'd  with  yellow  ;  rarely  it  is  retl,  being  stained  by  luemaglolmj  from  the 
neighboring  capillaries.  Tiic  ere».>  .section  is  coarsely  gmnnlar.  The  nuclei 
of  tilt*  umsclc-cells  have  lost  their  power  of  staining.  The  musclcw^clls  arc 
deail  and  connective  tisijue  soon  replaces  them.*  Tliis  loss  of  function  and 
rapid  d(i.*ay  of  cjiivliac  tissue  would  not  take  place  did  anastomoses  ]>ermit  the 
establishment  of  cnllateral  circnlatifin  bclwren  the  arlery  going  to  the  part  and 
neighlwiring  arteries.  The  terminal  nature  of  the  <M)rorniry  arteries  in  the  dog 
has  beon  pUnx'd  bcvond  doubt  by  direct  exjM.'rimeiit.  It  is  j>c)ssible  to  tie  them 
and  keep  the  animal  alive  until  a  distinct  infarct  has  fornictl,'* 

The  objection  that  one  of  the  n)ronary  arteries  can  be  inj<'ctod  from 
anotiier.*  and  thai  therefore  th*^y  are  not  terminal,  is  basetl  on  the  incorrect 
premise  that  terminal  arteries  cannot  l>e  thas  injocto<l,  and  Ii:is  no  weight  against 
the  positive  evidence  of  the  complete  failure  of  nutrition  following  closure. 
The  iwissagt^  of  a  fine  injecti<Hi-na;tss  from  one  vascular  area  to  anotlier  pnives 
nothing  concerning  the  pi>ssibility  of  the  one  area  receiving  its  blimd-snjyply 
from  the  other.  Such  supplv  is  impossible  if  the  resistance  in  the  (HDnimnni- 
cating  vessels  is  gn^ater  than  the  bUwxl-pressure  in  the  smalh«l  branches  of  the 
arteiy  through  uhirh  the  supplv  must  cume.  It  is  the  fact  of  this  high  resist- 
ance, due  to  the  small  >ize  nl'  the  eoninuinicating  branches,  which  makes  the 
arterv  **  terminal."  This  condition  i>f  high  resistance  is  readly  present  during 
life,  or  infarctidti  cmild  not  taUi*  place. 

The  terminal  nature  of  the  cnmnary  arteries  is  of  great  im|>ortance  with 
regard  to  the  part  taken  by  them  in  the  nutrition  of  the  heart.     Being  ter- 

'  Baurutifnrteii  :  Amrricnn  Jnnnutl  of  rhttntoiotjif^  1899,  ii.  p.  '243. 

'See  also  the  description  by  Kolsior:  Slftmrfinnvif^ht'^  Archir  fur  Pkjfmotuffiey  1893,  iv.  p. 
14,  of  the  infan-lioiis  pnHluce«I  experiineiitully  in  the  dog's  heurt. 
^  P<»rler:  ArcJiirfur  die  ffiKammU  Physiototjif^  18y3,  Iv.  p.  306. 
*  MicbaelU  :  Zeil9chrift  fur  ktinUehc  Mcdicin^  18U4,  xxiT.  p.  289. 
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minal,  Uieir  ox|^>cri mental  closure  enables  us  to  Rtudy  the  effectn  of  the  sudden 
stopping  of  the  hlcHxl-Biipply  (iBchfcniia)  of  the  heart  muRole  upon  the  action 
of  the  heart. 

Reexilte  of  Closure  of  the  Coronary  Arteries. — The  hLithJeu  closure  of  one 
of  the  large  coronary  liranch(^  in  the  dog  has  as  a  nilc  cither  no  effect  uj>on 
the  action  of  (he  heart  Ijcyond  cM-citsional  and  transient  irrepnlarity/  or  is  fol- 
lowetl  after  the  lapse  of  secHinds,  or  of  mliidtcs,  by  the  arnvt  of  the  ventricu- 
lar stroke,  tlie   ventricle   fullitig;  a   numicnt   later  into  the   rapid,  finttcrintr* 
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Fi«.  38.— ^,  ciirvi' of  intm  vfiiirlcuUr  i-r^  iMraH**r  conii-  'lie  interior 

of  Uif  K'ft  venlrleli*;  /I.  atni(*plu>nr  pros^urk  .  -    u.uv - .- t    uJ  Interval*.    ,*.  .1.*    ..i^i  arrow  the 

rminiu  rlroumHi.>xaA  r»f  ihr  lift  oonmaiT'  artcr>'  wtu  IlguU-d  ;  at  the  M-cnnd  amtw  thi.*  hfttrt  fi-ll  Into  fibril- 
Ury  ronirBcll(>Dft.  Tlu*  letwuiiinK  lielKht  of  the  curve  iiliows  (be  KfH'iual  (llmfniitlnu  <>f  tliu  furri'  uf  i*on- 
tmcUoa  after  Ugntlon.  The  rim.*  of  the  lower  line  of  the  curve  ntMire  the  AtiULMpherlc  preMure  IndicalCB 
A  rlM  of  iDtm-vcnlrictitar  pressure  during  dluiole.  Tho  uniftU  cIcvAttoru  in  the  preMU re  curve  aaer  the 
•QTond  arrvw  arv  caumhI  bf  tho  left  aurlclo,  wbloh  conliiiued  lu  iMjat  after  th«  arrat  of  ibe  ventricle 
(Sorter,  laeS). 

uiiduiatory  movements  known  as  fibrillary  contradious  and  produced  by  the 
iuco-onliimletl,  confiisetl  shortenings  of  individual  niu?-cle-cell^^  or  groups  of 
cells.  The  auricles  continue  to  beat  for  a  time,  but  the  power  of  the  veutricle*4 
to  execute  co-ordinated  contractiona  is  lost. 

The  Fnffiwncy  of  An'fM, — Tlie  IVequency  with  which  closure  is  fol- 
4owefI  by  veutricujar  arrest  dejwuds  on  at  least  two  factors* — namely,  the  size 
of  the  artery  ligau^l  and  the  irritability  of  the  heart.  That  tlie  size  of  the 
artery  is  of  iiiHueni^  ap]K>a]*s  fn>ni  a  series  of  ligations  performed  on  dogs, 
arrest  being  never  observed  after  ligation  of  the  arteria  ?»e])ti  alone,  rarely 
obeorved  (14  i>er  cent.)  with  the  right  coronary  artery,  more  fre<^uently  ('28 
per  cent.)  with  the  dtsccnden.s,  :ind  still  more  frcfjuently  (80  per  cunt.)  with  the 
arteria  circuintlcxa.*  Tlie  irritability  of  the  heart  is  an  inipiortant  factor.  In 
aniniaU  cooled  by  long  artiiklal  respiration,  or  by  section  of  the  spinal  conl  at 
its  juoction  with  the  bulb,  the  ligation  of  the  dcs*ffndenB  arrests  the  heart  less 
fre<juently  than  in  vigorou?^  animals  whi<'h  have  l>een  0[)enAtetl  upon  quickly. 
The  fre(|uency  of  arrest  is  iucreasctl  by  the  use  of  morphia  and  curare.' 

Chaiitfes  in  the  Htarl-beai. — Ligation  destined  to  arrest  the  heart  is  fol- 
lowed almost  immediately  hy  a  continuous  fall  in  the  intra-ventricular  pressure 
during  systole  and  a  gradual  ri?c  in  the  pressure  during  rliastole  (see  Fig,  38). 
The  contraction  and  r*?laxation  of  the  ventricle  are  often  slowetl.  The  Ibrce 
of  the  ventricular  stroke  is  diminished.  As  arrest  draws  near,  irregularities  in 
the  force  of  the  ventricular  beat  are  seldom  absent.  The  frequency  of  l)eat  ia 
xfometimes  nnchangetl' throughout,  but  is  usually  diminished  toward  the  end  ; 

'  The  changes  produced  bv  »iiU«i|u«til  tIegetitfraUtio  are  Dot  considered  liens, 
•Porter:  Jnunuti  nf  Phytiitl^^y,  1893,  xv.  p.  I.'ll. 
•porter;  JoumfO  of  ICxpfrtmental  J/frfiriHr,  \H9Q,  i.  p.  49. 
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cut  arross,  and  tlie  cut  eud  luined  on  a  thread  in  the  air,  is  without  ('ffect  on 
the  bhxxl-pressure  and  puli«;-i*ate.  The  stimulation  of  the  central  slumps  of 
these  nervos,  on  tlie  contrary,  is  iollowed  by  changes  both  in  the  blood -pressure 
and  tlu;  pulse,  showing  that  they  carry  iuipulscs  froui  the  heart  to  the  cardiac 
centres  in  the  central  nervous  system,  or  perhaps,  aceonlinjr  to  (he  views  of 
some  recent  investigators,  to  peripheral  gungtia,  thus  modifying  tiie  action  of 
the  heart  reflexly. 

Sensory  Nerves  of  the  Heart. — The  stiuiulatiuu  of  iutraeanlla(s  nerves 
by  the  application  of  acids  an*l  other  chemical  agents  to  the  surface  tif  the 
heart  amse^^  various  reflex  actions,  such  iv»  movements  of  the  liiubs.  The 
afferent  nerves  in  these  reflexes  are  the  vagi,  for  the  reflex  movements  diB- 
ap|)ear  when  the  vagi  are  cut.  On  the  strength  of  these  experiments  the 
vagus  has  U^n  believed  to  carry  sen-inry  impressions  from  the  lieart  to  the 
brain.  I)ire<.'t  stimulation  of  the  human  heart,  in  cases  in  wliich  a  defect  in 
tlie  cliest-wall  has  made  the  oigan  accessible,  give  evidence  of  a  dim  and  very 
limitctl  recognition  of  cardiac  events — for  example,  the  eompi'essiou  of  the 
lieart.  Changes  ia  the  furce,  pcriiMlicity,  and  conduction  of  tin-  contraction- 
wave  may  be  pnxinced  by  direct  electrical  stimnlalion  of  the  ventricle.  The 
centre  of  these  reflexes  probably  lies  in  the  liulb.' 

Vagrus. — The  stimulation  of  the  central  eud  oi  the  cut  vagus  nerve,-  the 
other  vagus  being  intact,  causes  a  slowing  of  the  pulse-rate.  The  section  c)f 
the  second  vagns  canst\s  this  retardation  of  tlie  puis**  to  disapiK^ar,  indicating 
(hat  the  stimulation  of  the  central  end  iif  the  one  atK-cts  the  Ijeart  reflexly 
thnmgh  the  agemy  of  the  other  vagus.  The  blood-pressure  is  simultaneously 
affected,  being  sometimes  loweretl  and  9f>metiines  raiseil,  the  ditt'ei-enw  seenung 
to  dcfH'iid  lart^ely  tm  tlie  varying  composition  of  the  vagus  in  diflerent  ani- 
mals and  ill  difrcR'iit  inrliviiluals  of  the  same  spei-ies.  The  stimulation  of  the 
pulmonary  branches,  by  gently  forcing  air  into  the  lungs,  loufl  speaking,  singing, 
etc.,  is  said  to  im^n^asc  the  frc(|iiency  nf  the  heart-lx'at.  Yet  the  chemical 
stimulation  of  tlie  mucous  merubrune  of  tlie  lungs  is  allegetl  to  slow  the  pulse- 
rate  and  lower  the  blood-pressure.  OWrvers  ditfer  as  to  the  results  of  stim- 
ulation of  the  central  end  of  the  laryngeal  bmnches  of  the  vagus  on  the  pulse- 
rate  and  blood-jircshure. 

Depressor  Nerve. — The  (-arlier  stiniulations  of  the  nerves  that  pass 
between  the  central  nervous  system  atui  the  heart,  with  the  exc<*prtou  of  the 
vagus,  altered  neither  the  bliKxl-prcssure  nor  the  j>ulse-i*ate.  Ludwig  and  Cyon 
su9|)ectcd  that  the  negative  results  were  owing  to  the  fact  that  the  stimulations 
were  confined  to  the  end  of  the  cut  nerve  in  connection  with  the  heart.  Some 
of  the  nerves,  they  thought,  should  carry  imjiulscs  froni  the  heart  to  the  brain, 
and  such  nerves  could  be  found  only  by  stimulatif)ii  of  the  braia  entJ  of  the 
cut  nerve.  They  began  their  research  (or  these  aflerent  nerves  with  the  branch 
which  springs  from  the  rabbit's  vagus  high  in  the  neck  and  passes  downward 
to  the  ganglion  stellatum.    Their  suspicion  was  at  once  contirmed.    The  slimu- 

*  Mtutkeni*:  Arehivfiir  die  g^Mmmte  Phyaioloffie,  1897,  Ixvi.  p.  328. 
'  UuQl:  Jtnwnal  of  VhjsitAogy^  1895,  xviii.  p.  3S1. 


VIRVULATION. 


173 


Intion  of  the  central  end  nf  ihin  nerve,  ejilletl  hy  Lmlwig  ami  CVon  the  depres- 
9nr,  caused  a  considerable  fall  of  the  bh>od-pi-essure. 

The  deprcsHor  nerve  an.M?s  in  the  rahbtl  by  two  roots,  otie  of  wbieh  c<»raes 
from  the  trunk  of  the  vagus  itself,  the  otiior  from  a  braueh  of  the  vagas,  the 
sii]>i'rior  larynfjeal  ner\'e.  Fre(|Uently  the  origin  is  singh?;  iu  that  ease  it  is 
ii.siially  from  the  nervus  laryngcus.'  Tlie  nerNiis  deprest^or  runs  iu  eonipaiiy 
witli  the  syni|)athctie  nerve  to  the  ehest,  where  coinrniuiieations  are  made  with 
the  hnuiehes  of  thf  ganglion  sf<']laliiin. 

The  stimulation  of  the  |)fiiph"Tal  eud  of  the  depressor  nerve  in  without 
effect  on  tlje  bkKHl-pre8sure  and  huirt-lwat.  The  .stimulation  of  the  central 
end,  <>n  the  f'ontniry,  causes  a  gr.idnnl  tall  id"  tlie  general  Uhjod-prcssu re  to  the 
half  or  the  third  of  its  former  height.  After  the  stinudation  is  stopjKnl,  the 
blo*»d-prp-sMr*'  returiff  graiTiially  tu  its  prt.*vious  level. 

8imu!tauc<)Uily  with  the  lidl  in  blxMl-pressiiiv  a  les.seniug  of  (he  pulse-rate 
aetfl  in.  The  slowiug  Ls  most  marked  at  the  t)eginniug  of  stimulation,  and  atk^r 
rapidly  reaeliiuf^  its  maximum  *rives  way  gnidnally  nntil  tin'  nite  is  almost 
wliat  it  M'as  befon'  the  stimulation  Ix-giin.  Alier  .stimnlatiou  the  fre<jueucy  is 
commonly  greater  than  previous  to  stimulation. 

After  section  of  both  VHgr,  the  stimuliition  oi'  the  di^prese^ir  cjiuses  no  change 
in  the  pulse-rate,  but  the  hbHwl-pressur*'  i"all>^  as  usual.  The  alteration  in  fre- 
quency iu  tlieref(H*e  bL'ouglit  jilnmt  through  stttmilation  of  the  eiu'dia^'  inliibitory 
centre,  acting  on  the  lieart  through  the  vagi.  The  experiment  teaches,  further^ 
timt  the  ulleratiim  iu  pressure  is  not  de|X'uduut  oti  the  integrity  of  the  vagi. 

Poisoning  with  eurare  jmndy/A's  all  motor  mechanisms  except  the  heart  and 
the  muscles  of  the  blood-vefisels.  Yit  cumre-poisuning  does  not  affe<"t  the 
resiih  uf  depresMir  stirnulatinn.  The  nuise  of  the  tiill  in  blood-ftresi-ure  uuist 
be  sought  then  either  In  the  hejirt  or  the  reflex  dilatation  of  the  bl(H»d-vessel8. 
It  cannot  be  in  the  heart,  for  deprestvjr  stimnlatiou  lowers  the  blood-pressure 
after  all  tlie  nerves  going  to  ilu-  ht^rt  have  Iwen  sevoreiJ.  It  must  therefore 
lie  in  the  blooil-vessels.  Ludwig  and  (_'you  knew  that  tlie  dilatatiou  of 
the  inti.^tinal  vegsels  could  pr<>du<.'0  a  great  fall  in  the  blood-pretssure  and 
turned  at  once  to  them.  Section  of  tlie  splanchnic  nerve  caused  a  dilata- 
tiou of  the  alMlondnul  vessels  and  a  fall  iu  the  bloo<l- pressure.  Stimnla- 
tiou of  the  jx-ripheral  eud  oi'  the  cut  splanchnic  ciuiM-d  the  blood-pix'ssim'  to 
ride  even  l>eyond  its  former  height.  Ludwig  and  <^'yon  reasoned  that  if  the 
depreM.«or  lower-*  the  bloml-pressure  cliii'Hy  by  atTectiug  the  sjilauehnic  nerve 
reflexly,  the  stimulation  of  tfie  centrjil  end  of  the  <lepre88or  atVer  section  of 
the  splanchnic  nerves  ought  to  have  little  effect  ou  the  bloiNl-prestsure.  This 
pmve<l  to  l>e  tlie  case.  The  investigators  cone!iide<I  that  the  depressor  re- 
dncefl  the  blcHHl-preseure  chiefly  by  lessening  the  tonus  of  the  vesfiels  governed 
by  the  splanchnic  nerve,  thus  allowing  their  dilatatiou  and  in  cuusequenee 
b'ss<»ning  the  peripheral  resir-tamre.  The  fallacy  in  this  argumeut  has  pe- 
centlv  been  pointed  out  bv  Porter  and  B<;ver.*     The  .Htimtdutiou  of  the  de- 

'  TM*hirwi[uky :  OmtntU^nn  fur  J'hynoUtyUj  189'^  ix.  p.  778.  gives  a  »uiu«wliat  difffreiil 
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hriiiated  UUmmI  tlin>ugh  tli<*  coronary  vessels.*  Recovery  Ims  also  been  obtuinod 
by  ]ia.Hsing  iniim-tliati^iy  (witliiii  15  seconds)  a  very  nipid  alU-rnating  current 
of  not  too  p-4'at  intcmHity.* 

Closure  of  the  Coronary  Veina. — Cloeure  of  all  the  eorouary  veins  in 
the  rabbit  pnxluceil  fibrillary  rontnictions  after  from  fifteen  to  twenty  minutes 
hiul  |Miss(xl.  Their  dosure  in  the  tloj;  is  sai<l  to  he  without  etfeet  ^ — a  ne<jative 
result  {)erha}>8  to  l>e  explained  by  the  fact  that  u  porLioii  i>f  the  tiironary  blood 
finds  its  way  to  the  eavities  of  the  heart  through  the  vente  Thel>esii. 

Volume  of  Coronary  Circulation. — Bohr  and  Heuritjue^/  taking  the 
average  of  six  experiments  on  <lo^8,  found  tfiat  16  cubic  eenliineters  of  blootl 
passed  through  the  eonjnary  arteries  per  minute  for  each  100  grams  of  heart 
muscle.  The  <nuuttity  passing  tliroujih  both  coronary  arteries  variwl  in  dif- 
ferent a?iimals  from  20  to  64  enbic  ceiiiiuietei's  jwn*  tniiiute ;  the  quantity 
passing  through  the  left  coronary  artery  varied  fmni  22.5  to  60  cnbic  centi- 


fio.  40— DIminminn  of  tlio  Am'o  of  contrarllon  of  ihe  ven(r!rle  of  tlie  isolnted  cat  »  heart  in  con- 
■•qaencc  of  diiiilnlxhing  Oih  supply  of  blood  to  the  t'urdlRC  muscle  :  .1.  blood-pnfMiire  nl  ihe  n>ul  of  Ute 
•orta,  recorded  by  a  mercury  dinnomister;  B,  inira-ventricuUr  pn-Mure-curve.  U;fl  ventricle:  the  indi- 
vidual Iwau  do  nol  appoRr,  berini»e  of  the  iilnw  spoed  of  the  smoked  liurfAcc;  C,  time  in  seconds:  D,  Ihe 
number  of  drop*  of  hl.KMl  pOMtng  Ihrouffh  the  coronary  arteries,  each  vertical  mark  reconlinR  erne  drop. 
As  Ihe  number  of  droi*  of  blood  pa«tilng  through  the  coronary  nrtprte*  dlmlnishe*.  the  rontnu'tlona  of 
the  If  a  vuntrlclc  become  weaker,  but  recover  again  when  the  former  volume  of  the  corouary  circula- 
tion is  restored. 

niGters  per  minute.  The  hearts  weighed  from  51  to  350  grams.  The  method 
■whieh  Bohr  and  H<.-nriqiios  found  it  nenssary  to  employ  pliKvd  the  heart 
under  sueh  abnormal  4X)nditions  tliat  their  i*esults  ean  be  regarded  iis  only 
approximate.  Porter"  supplied  the  left  coronary  artery  of  the  dog  with  blood 
dibite<l  one-!ialf  \vit)i  scMlimn  (rlihtride  sobttion  (0.6  per  cent.)  by  moans  of  a 
tube  (lumen  2.75  rniliimeters)  inserted  iiUii  the  aortic  opening  of  the  lell  eoro- 

*  Porter:   Amert'can  Journal  of  Pkyniotogy,  1898,  i.  p.  71. 

*  Prevoat  and  BattvHi :  JounutI  »ie  fthyitiuhtjie  tt  dt  pufhUof/if  gfturntf,  1900,  p.  440. 
'Michneliit:  ZtiUchriJt  Jur  kliniae^hc  Molicm^  1894,  xxiv.  p.  291. 

*  Bohr  Riid  IIenriijue«:  SkamiinnrinchrM  Archivfur  Pkyniulogie,  1896,  v.  p.  232. 

*  Porter :  Journal  of  Erperimcntal  Medidntf  18D0,  i.  p.  04. 
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»ary  artery  uucJ  cuiinectetl  with  a  reservoir  placed  150  centimeters  above  the 
heart  lu  one  dog,  weighing  11,500  gnims,  318  cubic  centimeters  flowed 
through  in  eijrht  [itiiiiititj.  In  a  second  dog,  weighing  9500  grams,  114  cubic 
(xntiineters  |MLs.stKl  through  in  four  minutes.  In  the  inilatcd  heart  of  the  cat 
strong  and  regular  contractions  are  made  on  a  circulation  of  about  4  cubic 
centiracters  |)er  minute,  or  even  less,  through  the  coronary  system.  The 
quantity  pa>^ing  throiifrh  the  veins  of  Thyliesius  into  the  left  auricle  and 
ventricle  is  very  slight. 

The  supply  of*  blcnxJ  to  the  heart-muscle  is  modified  by  ventricular  eon- 
tnirtirin,  M(it  only  in  that  the  niran  IdiHHi-prcssure  iu  the  aorta  is  a  function 
of  tin*  force  of  tlic  hcart-lH-at,  but  dim-lly  by  tlie  compression  of  the  ir»tni- 
miiml  vessels  during  systole.  Thus,  when  a  piece  of  the  mammalian  ven- 
tricle is  kept  beiJting  bv  snp|>lving  it  with  d<'fibrinat«Ml  IvIcmmI  thrnitgh  iti» 
nutrient  artery  irt  a  (ronstant  prehsure,  each  beat  con  bo  jiet^n  to  force  the  blood 
out  of  the  severed  vessels  in  the  margin  of  the  fragment.  The  effect  of  the 
contnictions  on  the  contents  of  the  intranninil  vessels  can  also  be  demon- 
stratcil  in  the  living  aniinnl  by  incising  a  vein,  or  a  li^uteil  artery  on  tlie 
digital  side  *if  thi*  ligature,  anel  slnwio^  tlie  heart  by  stimulation  of  the  vagus. 
At  each  systole  of  the  ventricle  h\*HH[  is  forctnl  fn)ra  the  vessel.  More- 
over, less<'ning  the  frcqitenev  of  ecmtnu'tion  diminisher*  the  volume  of  the<!on>- 
nary  circulation — /.  *•.,  tin*  outfiow  from  the  eonmary  veins,  as  may  be  shown 
in  a  record  sindtar  to  that  iUuslrated  by  Fig,  40.  It  is  conceivable  tliat 
the  emptying  of  the  iurrrirnurid  vessels  I>y  the  rontpactiori  of  the  heart  u»av 
favor  the  tlow  of  IiKhhI  tiii'oii;:li  the  heart-walls  in  two  ways:  first,  bv  the 
<liminishcd  resistance  which  the  empty  patulous  vessels  shouhl  oflTer  lo  the 
inflow  of  lilood  from  the  aortj'  whf^n  the  heart  relaxes  ;  and,  si-eondlv,  bv 
the  suction  whi4'h  might  accompany  tlie  su4lden  expansion  of  the  compresstsl 
vessels — expanding  either  by  virtue  of  their  intrinsic  elasticity,  or  U'cause 
of  the  pull  of  the  surrounding  tissues  up*»n  tl»*'ir  walls,  as  the  heart  quickly 
regains  its  tliastolic  forju.  The  probliMu  thus  niis*'d  may  lie  atlJiekeil  by  su<l- 
ilenlv  c<»nnreting  the  distal  jMirtiim  of  a  c<ironurv  artcrv  in  the  strongly  beat- 
ing heart  of  the  living  aninuil  with  a  small  reservoir  of  nonnally  warm  de- 
fibrinated  bl(KMl  at  the  atuiospheric  pressure.  The  connection  can  he  made 
through  a  eaninda  !ie*l  into  the  artery  (ramuH  dcscendeus  of  the  do^)  or 
through  a  ttd)('  |i;iss4mI  into  the  lefl  coronary  artery  by  way  of  tlie  innoniinale 
artery  and  aorta.  If  earh  eorupre^siifu  of  the  dee|>fr  bninchcs  of  the  artery 
were  followtnl  by  an  cx]>;insion  suHieient  to  cause  a  noteworthy  suction,  the 
blood  in  the  reser%'oir  should  be  dniwu  into  the  arter}%  for  this  bloof]  is  the 
Bolc  source  of  supply  throughout  the  experiment,  as  the  **  terminal  "  nature 
of  the  coronary  arteries  pR'vents  any  material  backflow  from  the  distid 
branches.  The  results  of  these  exj>eriments  show***!  that  no  appreciable  suc- 
tion can  be  demonstrated  in  the  largt»r  eoronaiy-  arteries,  even  when  a  very 
sensitive  minimum  valve  is  interposed  between  the  artery  and  the  rewrvoir 
in  order  to  prevent  the  |K>ssibi<'  masking  of  the  suction  by  rising  pn»ssure 
accompanying  the  contnu'tion  of  the  ventricle.     It  is,  tliercfore,  neeeseary 
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to  rotirliulo  that  tlu'  (.'lujilvinj;  <>)"  the  intniiruinil  vfss<'ls  liy  tin;  eontniction 
of  tin*  heart  favors  the  flow  <»f  1i1*kh|  thnnr^ifi  the  heart-walls  chifflv  l»y  the 
illiniiii^h*^!  resistnnt'o  wliirli  tlie  empty  patulous  vessels  offer  to  thr  inflow 
frum  tlie  aorta   wlten   tlii'   heart  rehixes.' 

The  Vessels  of  Thebesius  and  the  Coronary  Veins. — The  vessels  of 
Thebosuis  pHflmhly  liave  a  part  in  the  nutritii>n  <)*' the  heart.  If  a  ^lass  tuhe 
two  or  tl live  inehe.H  lontj  is  tieil  into  tlie  veiitrirle  of  the  extiqiate<l  lieart  of 
the  cat  ami  JiUriJ  with  wanu  tiellhriiiuti'ii  hhwHl,  the  heart  will  he^iii  ii\  l»ent, 
and,  if  the  hlood  is  oxyirenatiHl  tW)ni  tinu-  to  tinu%  may  continue  \i»  eonlrae- 
tions  for  many  hours,  altlmnj^fi  it-s  only  supplv  is  through  the  ves.^elsof  Thf*- 
liesins.  If  a  vt  in  on  lh<'  surfaer  uf  tin-  veiitriele  is  incised,  the  lihxid  wliieh 
enters  the  ventriele  arterial  in  eolor  will  einerj^e  ^■(►rii  the  eiit  vein  a  ilark 
V(  tn»ns  hue,  showin;^  that  it  has  jiivi  n  njt  its  oxv^reii  aiiel  pre>uinal4v  utlier 
nutrient  suljstanres  on  ils  way  tliruiigh  the  fieart-wall.  'I'Jiis  experiment  also 
demonstrators  a  eounection  bt»twe<»n  tlie  eort>nary  vessels  and  the  vessels  of 
Thelx'siui? ;  the  same  may  he  sluuvn  l>y  eormsion  preparations  of  hearts,  the 
veins  of  whieh  have  heen  injected  with  eclloidin. 

The  extiqwit<Ml  heart  may  be  kept  eontrneting  a  longer  time,  when  to  the 
supply  received  thi*otm;l[  the  Vi'ssels  of  Thehesiiis  is  ailded  that  wliieh  may 
reach  the  heart  from  the  ain*iele  hy  haekflow  tlirouj^li  tlie  eoronar)*  veins,  the 
valves  of  whieh  are  incompetent. 

It  is  evident  tlmt  these  aew.'*sorv  ehanni'ls  of  nutrition  mnst  he  of  impor- 
tance when  the  main  supply  thronn:]!  iho  artei'ies  is  diminished,  as  in  arterio- 
sclerosis.* 

Blood-eupply  and  Heart-beat. — The  relation  between  the  volnme  of 
blood  passing  throti^li  th<'  eoronary  arteries  and  the  nite  and  foret-  of  the 
ventrieiihir  eonitin-tion  has  been  studied  hy  Ma^rratli  an<l  Kennedy.^  Varia- 
tions in  the  volume  of  the  coronary  eircnlation  in  the  isolated  heart  of  the 
eat,  unless  ven*  eonsidenible,  are  not  neemnpanied  by  elian^^es  in  the  rate 
of  beat.  The  foree  of  contraction,  on  the  eontrary,  apjH'ars  to  be  closely 
dependent  on  the  vf^lume  of  the  coronary  circulation  (Fig.  40). 

Distention  t»f  the  ventriele  4liininis!ies  tlie  volnme  of  blood  flowing 
tlirougli  the  eoronary  vessels,  except  when  this  effect  is  eompens;iti'd  by  tlie 
4listention  stinmlating  the  ventriele  to  contract  more  tbreibly,  and  thus  to 
pump  more  blood  thn^igh  its  walls  by  alternate  coniprcRsion  and  expansion 
of  the  intrannind  vess<ls.* 

Lymphatics  of  the  Heart. — A  rich  plexus  of  lymphatic  vessels  has  lieen 
demonstrated  in  the  heart.*  Valuable  information  eonceming  the  nutrition  of 
the  heart  could  probably  l)c  gained  by  the  systemntie  stndv  u{  these  vessels. 

"Porur:  Amerxran  Journal  of  Phyfiolotjtf,  1S08.  i.  p.  146;  cddsuU  also  ron  Vintechgmti: 
^reAaV  fur  die  gesamnde  Phyifiolof/Ur,  189C,  Ixiv.  \k  79. 

*  Pratt:    rhifi.,  p.  S«. 

*  Magrath  and  Kennedy :  Journal  of  ErpermnUtd  Mtdicint^  1897,  ii.  y.  13. 

*  I.  n.  Ilyde:   American  Journal  of  Pftt/nolo^,  1898,  i.  p.  216. 
'Ny»tr6m:  Archiv  fur  PhyaioloQity  1897,  p.  361. 
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O.  Solutions  which  Maintain  the  Beat  of  the  Heart. 

The  beat  of  the  heart  is  iiiaiataincd  during  life  bv  a  cotii^Dt  sii]>|ily  of 
oxy^*nalctl  lihRxl.  Thf  btcxMl,  liowcver,  is  a  vi»i*y  wimplfx  ttuid,  and  it  can 
iiurdly  be  supposed  that  all  of  its  con?=tituents  are  of  equal  value  to  llie  hear). 
The  systematic  search  for  tliose  coustitueuts  of  the  blood  which  are  of  iniijoit- 
nnoo  to  the  nutrition  of  the  heart  was  bogui*  in  Ludwig's  laboratory  in  1875 
by  Merunowicz.  The  fij>t  step  toward  the  uiethml  usetl  by  Meruiiowicz  and 
hiH  tfuooessors  was  taken  by  Cyon.  Cyon  tied  itinnulus  in  tlie  vena  cava 
inferior  and  in  oni'  of  the  :ii>rtft?  of  the  extir|>ate<i  heart  of  the  fr<»g,  and 
joineil  them  by  a  bowed  IuIm*  filled  with  serum.  The  ventricle  pnmpeil 
the  eerum  through  the  aortic  cannula  and  the  bowed  tul)e  into  the  vena 
eaivn,  whence  it  reached  the  veutrick'  :ij^iin.  The  force  of  the  c<_)nt inaction 
wad  mea.surr<l  by  a  nieienry  tnanonietir  which  was  joined  by  a  side  bninch 
to  one  limb  of  tlie  bowed   tube. 

The  frog  heart  inauonieter  nielhotl  tlnw  intro<bieed  by  Ludwijr  and  Cyon 
has  undergone  various  nio^litications  at  the  haiuls  of  JUa.siiiH  and  Fick,  Bow- 
ditcli,  Lnciani,  Kronecker,  and  others,  lilasiiis  and  Fick  were  the  first  to 
register  changes  in  the  volume  of  the  lieart  by  the  plethysmographic  methtMl, 
the  or^an  b**inir  enclosed  iu  a  vessel  filled  with  normal  inline  solution  and 
coune4-ted  witli  u  tuauoineler.  This  idea  reappears  in  the  Straa^burg  ap[iara(us 
described  below. 

A  valuable  improvement  was  made  by  Kronecker^  who  inventenl  a  double 
i^annula,  through  one  .side  of  which  the  **  nutrient'*  flukl  enters  the  ventricle 
while  it  jKisses  out  through  the  other  (Fig.  41). 
The  contents  of  the  ventricle  are  tlius  contin- 
ually renewed.  In  1878,  Roy  w)n8tructed  the 
instniment  shown  iu  Figure  42,  by  means  of 
which  the  changes  in  the  volume  of  the  heart  at 
each  contraction  are  reconh^l  rm  a  m<iving  cylin- 
der. A  great  advance  was  made  by  Williams, 
in  the  invention  known  as  "  \Villiaras*9  valve," 
which  is  the  essc^nlial  feature  of  the  a]iparatuH 
devised  by  this  invi'stigator  and  others  in 
Schmiedeljergs  laboratory  at  Stra.ssburg.  The 
present  form  of  this  apparatus  is  illustrated  in 
Figure  43.  A  perfusion  cannula  Is  introduced 
into  the  ventricle  through  the  aorta.  Through 
ooe  tube  of  the  cannula  the  heart  is  fed  from  a 
reservoir  placed  above  it.  Through  the  *»tlier 
the  heart  pumjB  its  contentn  into  a  higher  reser- 
voir or  into  the  same  rcf*crvoir.  Thtis  the  heart  is  "  loaded  "  with  a  column 
of  li^piid  of  known  height  and  pumfiH  against  a  mrasnrjd)le  rc*sistance.  A 
William>  valvt*  in  tlif  itirti>w  lube  previ»nts  any  Hmv  ('.\ce|)t  in  the  ilire<'tion 
of  thi'  hc:»rt.     A  similar  valve  revcrwHl  in  the  outflow  tulx'  prevents  any  fl<»w 


FtG.  41.— The  perftuiitti  onnnuU 
of  Kroneektf.  Tbc  Trnlrlcle  Is  Ueil 
nn  the  cannula  at  d,  ■  riiiK  being 
plored  here  in  prefenl  the  llgftlurc 
from  Alipplog.  Th«  double  tube, 
shown  in  croM-MictloD  at  f,  divide* 
Into  the  lar|>e  hnncb  a  titd  the 
KTnall  hranch  ^  The  nutrient  solu- 
tion vnlen  the  hvmrt  throuKh  t*  ond 
e»r*ptvi  thrciiiKh  a.  Thr  sUrer  wire 
tr  can  Xm  fonnected  with  one  pole  of 
M  battery,  the  i'Mnniilaftervln|(:a«nn« 
eU'Ctrodc.  And  (be  fluid  ftUrrouudlng 
the  bean  u  iha  other. 
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except  away  from  the  heart,  TivK  ventricle  is  filled  and  emptied  alternately  as 
is  the  normal  heart,  the  artificial  valves  replacing  the  heart-valves,  which  are 
often  necoFLsarily  rcinilf^rrd  nsoless  by  the  intniihiction  of  tlio  cannula  und  are  at 
best  less  certain  in  their  action  than  the  artificial  valve.  The  changes  in  the 
volume  of  the  heart  are  shown  by  the  movenients  of  a  liquid  column  in  a 


Flo.  12.— Roy'a  iipp«ra»i8:  the  heart  Is  tied  on  a 
pcrRiiilon  cAnnula  and  en('lc*s&d  in  a  bell  filuMt  rest- 
Idk  "11  ft  bniss  pIttU'.ft,  Ihft  rentrt!  of  wliifrh  jirtiacnta 
an  npenlnx  covered  by  a  nibbtr  membrwiK*.  Vari- 
ations in  the  volume  af  the  heart  rnuiif  t)it'  mem- 
brane (o  rise  and  fall.  The  iunvemi?nt&  of  the 
membrane  arc  recorded  by  a  lever, 


Fig.  t^— WiUlams'8  apparatus:  B,  fVoK'i  beurt: 
V,  l'.  WilUftms'H  vhIvo  ;  .W>',  millimeter  hchU'-  The 
Apparatus  is  arranm-d  to  feed  the  heart  from  the 
reservoir  Into  which  the  heart  ifi  Tnimping. 


horizontal  tube  which  cfrnjinnnieates  with  the  In^ttle  filled  with  **  nutrient" 
fluid  in   which  the  lifiirt  is  enclosed. 

In  the  original  methtMl  of  Cyou  the  ventricle  is  left  in  connection  with  the 
auricle,  the  ganglion-cells  of  the  ventricle  and  the  neighboring  jwrtinns  of  the 
auricle  being  kept  intact.  This  "whole  lieiirt ''  prcpanitioii  is  to  be  distin- 
guishe<l  from  the  **apex*'  pre|)aration  of  Bowditch,  which  has  also  been  used 
in  studies  of  the  effects  of  nutrient  solutions  on  the  heart.  In  Bowditeh's 
"  a[>ex  "  prepanition,  the  ventricle  is  hound  to  the  cannula  by  a  thifad  tied  at 
the  junction  of  the  upper  ami  middle  tbirtls  of  the  ventricle.  By  this  means 
the  lower  two-thirds  of  the  ventricle,  which  contains  no  ganglion-cells,  is  cut 
off  from  any  physiological  connection  with  the  base  of  the  ventricle  anH  a 
*'  ganglion-free  apes  "  secure*].  The  isolated  ''  ajiex  "  at  fir^t  stands  still,  but 
after  from  ten  to  sixty  minutes  commences  to  beat  again  and  can  then  be  kept 
beating  for  several  hours. 

In  tlie  use  of  these  various  methods  certain  genenil  precjuitions  should  be 
kept  in  mind.  Special  attention  should  be  directed  to  the  difficulty  of  remov- 
ing the  blood  from  the  capillary  fissures  in  the  wall  of  the  fr^'s  heart.  A 
flmal!  amount  of  blmid  remaining  in  these  passages  is  frcfjuently  a  source  of 
error.  It  shindd  be  renicuibered  that,  as  Cyou  j>ointed  out,  a  change  in  the 
nutrient  solution  is  of  itself  a  stimulus  to  the  lieart,  increasing  or  diminishing 
the  frequency  of  contraction  and  obliging  the  investigator  to  wait  until  the  heart 
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has  l»e4*onie  M(vti8to(uet]  («  the  now  wjlution  iM^i'ort'  milking  an  observation.  The 
hoart  should,  as  a  nile,  be  constantly  hupplitxl  with  fresh  fluid,  a.s  iu  the  natural 
state.  The  resistantt  against  whicli  the  hc^irt  works  is  also  a  factor  of  import- 
anre.  The  water  with  which  the  fiohitions  are  made  .sliouh)  !>e  distiHed  in  glass, 
Wi  the  minutest  trace  of  the  ronip^Minds  of  heavy  metals  iu  nun-culloida]  bolu- 
tions  affects  the  heart.' 

Nutrient  Solutions. — Cyon  found  that  the  l)eat  of  tlie  extir|)at<xl  frog's 
hwirl  is  very  d(]RMuU'nt  on  the  uaturt*  of  tlie  solution  with  whirh  the  heart  is 
fed.  Hearts  supplied  with  uorinal  saline  solution  (NaCl,  0.6  |)er  cent.)  ceased 
to  beat  much  s^wiuer  tli:iu  those  left  empty.  The  S4»rum  of  dog's  Llood  seemed 
almost  poisonous.  Rnbbit's  serum,  on  the  contrary,  |Hist|>oued  the  exhaustion 
of  the  heart  for  many  hours,  provided  the  limited  4juantity  contained  iu  the 
apparatus  was  reuewnl  from  time  to  time.  Serum  used  over  and  over  again 
caused  the  Ix^aLs  t*»  l<»se  ibree  after  tin  hour  or  two.  The  renewal  of  the  serum 
seemed  a  stimulus  to  the  heart,  «utsing  it  to  et>ntraet  verj*  strttngly  during  a 
half  minute  or  more,  after  whi4-h  the  eoutractiouK  became  less  energetic. 

Cyon's  imme»liute  smx'esMjrs,  IV>wditch,  Lueiani,  and  llossbach,  c<»nfirmed 
his  observations.  None  of  iliese  investigator's,  however,"  was  ctmeenictl  pri- 
marily with  the  uutritiun  of  the  lieurt.  The  first  systematic  work  on  this  sub- 
ject wa^  diuie,  as  has  U-en  siid,  by  Merunowiez,  who  attempted  to  maintain 
the  l>eat  of  the  heart  wilfi  normal  saline  solution  eonlaiiiing  various  (|uantities 
of  blood,  with  uornial  stiline  alone,  with  a  watery  solution  of  the  ash  of  an 
aleholic  extmct  of  seruiii^  and  with  a  normal  saline  Mihilion  eonluining  a 
minute  amount  of  sodium  cxirboiiute.  The  direction  taken  by  him  has  beeu 
pursued  to  the  presetit  day,  the  chief  objects  of  study  bting  the  in»j>ortance  to 
the  heart  of  s^jHlinm  earlxMiiiie  or  orher  alkali,  sixlium  and  [>otassium  chloride, 
the  salts  tif  ^deium,  oxygen,  proteids  au<l  some  otlier  organic  Ixxlies  such  as 
dextrose,  and,  finally^  nf  fluids  (Hxssessing  the  physical  characteristics  of  the 
blood.     The  outa>me  of  this  work  we  must  now  consider. 

The  vahie  of  an  alkalint'  rf(wfio}i  has  \)^m  generally  recognized.  Sodium 
carbonate  is  tlie  alkali  eonunoiily  preferre<J.  The  tavoi*able  iufluence  of  this 
salt  proliably  does  not  de[>eud  on  any  specific  action,  but  simply  upon  its 
alkalinity.  The  alkiili  promotes  the  l)eat  of  the  heart  by  netitralizing  the 
c?arl)on  dioxide  and  other  acids  tbrmed  in  the  metabolism  of  the  contracting 
muscle;  this,  however,  may  not  be  its  only  use. 

Certain  i»f  the  salts  normally  present  in  the  blood  are  necessary  to  main- 
tain die  beat  itf  iIil*  heart.  Sodium  Monde  is  one  of  these.  The  solution 
employed  should  cimtniu  a  **  physiologitsil  quantity."  Such  a  solution  is  said 
to  be  'isotonic.''  The  amount  required  to  make  a  sodium  chUiride  Evolution 
^*  normal  *■  or  '*  isotonic^'  for  ihe  frog  is  0.6  per  <x?nt.,  for  the  mammal  n<^'!irly 
1  per  (X'lit.  Enough  of  a  adcium  sidt  to  prevent  the  washing  out  of  lime 
fi*om  the  tissues  is  also  essential  for  prolonged  maintenance  of  the  rontnu-tious, 
A  heart  fed  with  normal  saline  solution  is  before*  long  brought  to  a  stand  ;  ihe 
addition  of  a  calcium  salt  to  the  solution  pos[|Kmes  die  arrest.  The  character 
*  Cxwke  :  Journal  of  Pk^ialttgy,  189&,  xriii.  p.  S31. 
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of  the  contrat'iiori,  Ijuwt'vcr,  is  aUert'd  by  ttie  calcium,  the  relaxation  of  the 
ventricle  being  sometimes  so  much  (klayeil  tliut  the  next  contraction  takes 
place  before  the  relaxation  from  the  previous  contraction  has  commenced,  the 
ventricle  tailing  thereby  into  a  state  of  persistent  or  **  tonic"  contraction.  The 
addition  of  a  poktsaium  salt  restores  the  normal  character  of  the  contraction, 
calcium  and  potassium  having  an  antagonistic  action  un  the  heart.*  The 
importance  of  calcium  to  the  heart  is  said  tn  be  demonstrateil  by  the  disap- 
jH^arancc  of  the  sp«)ntam»on.s  contractions  of  the  heart  which  follows  the  pre- 
cipitation of  the  calcinni  'm  the  circulating  fluid  by  the  addition  to  it  of  an 
etpiivalcnt  tpiantity  of  a  soluble  oxalate,  and  by  the  return  of  8pontanc<ms 
coutnictions  wliirh   ij*  seen   when   Mio  4idr'iuiM   is  n-sfAHtil  to  the  B(»luti(m. 

The  antagonistic  action  of  culciuin  and  the  tfxahites  was  first  pointed  out 
by  Cyon. 

According  to  Ringer,  the  substances  thus  far  mentioned  are  effective  in  the 
f(»llowing  onler :  normal  saline  is  the  least  effective ;  next  is  saline  containing 
sudiurn  biojrbonale ;  then  saline  containing  tric:d<*ium  pliosjphate;  and  bi-:^!  of 
all,  saline  containing  tric-alcium  piiosphali'  tt»gelher  with  pota.^iuui  chloride. 
He  recommends  the  following  mixture:  StKlium  chloride  solution  0.6  |)er 
cent.,  KatuiiitHl  with  tribasic  ciilciuui  phoKphatc,  UX)  cubic  centimeters;  solu- 
tion pota£.^ium  chloride  1  per  wnt.,  or  acid  jHjtassiuni  phosphate  (lIKjPO^) 
1  per  cent.,  2  cui)ic  centiineier-s.* 

There  ha.s  been  considemble  dispute  over  the  [uirt  played  by  oxygen  in 
the  beat  of  the  frog's  ln:!art.  Mc<niire  and  King  were  of  opinion  that 
the  l>eat  is  hirgely  indcjicndent  of  the  anioimt  of  ctxygen  in  the  circulating 
fluid.  Yeo  concluded  that  the  contracting  heart  uses  more  oxygen  than 
the  resting  heart,  and  that  the  consumption  of  (jxygen  increases  with  the  work 
done.  Kronccker  an<l  Handler,  on  the  coulniry,  ix^lieve  that  the  oxygen  con- 
sumption ia  increased  by  an  increase  in  the  nite  of  beat,  but  is  independent  of 
the  work  done.  Afore  ret^ent  observers  aiv  united  on  the  necessity  of  oxvgen 
to  the  working  heart.  OeiirwalTs  studies  in  this  field  are  especially  interesting. 
He  finds  that  a  volume  of  blowl  sufficient  to  fill  the  frog's  ventricle  will  main- 
tain contractions  for  hours  providetl  the  ht^rl  is  surrounded  by  an  atrnosjihere  of 
oxygen.  The  ht^rl  is  brought  to  ii  stand  by  lack  tif  oxygen  and  inav  Ih^  made 
to  beat  again,  even  after  an  arrest  of  twenty  minutes,  by  giving  it  a  fn*sh  su|>- 
ply.  The  heart  fails  in  oxygen-hunger  probably  because  the  chemical  proce^ 
hv  which  the  stimulus  to  contraction  is  called  forth  no  longer  takes  place,  and 
not  lK.'c:iuse  of  a  failure  in  contmctility,  for  even  after  long  iuaction  a  gentle 
touch  on  the  jx*ricardrutn  will  cause  a  vigorous  contnjction.^ 

Hahlane  *  discovered  that  the  corpuscles  of  the  i>lood  arc  not  es3cntinl  to 
the  coutnictions  of  the  warm-hioo<icd  iicart,  provitled  the  oxygen  whi<'h  tlie 

'Botuizi:  Arekitn^de  Pk^ni^o^f,  180(>,  xxvili.  p.  $S2. 

'  Kinjorer:  Jmintai  of  Phjxu^tujt/^  18113.  xiv.  p.  I'JS.  Tliv  hibliunraphy  lias  recenllv  ljeengi?en 
b/  Howfll :  American  Journal  of  Pht/aiohtjy,  1808,  ii.  p.  47  ;  ami  Gret'uc  :  IbU.,  p.  B2;  coustilt 
nlflo  Whiit :  Journal  of  Phyvio(ogy,  189ti,  xix.  p.  MA. 

'delirwall:  SkaiuiinarvMcKes  Arrhivfiir  Phijsinlofjie,  1S98,  viii.  p.   1. 

Mlulilane:  Jonrnal  of  Pfiysiotagift  1895,  xriii.  p.  '21]. 
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needs  is  siipplinl  liv  ititToaAiri^  tlic  ti'iisioii  of  the  ^fos  in  tlie  pla^inu. 
llaUlano  kept  his  aiiinml>^  alive  in  oxygen  at  a  pressure  of  two  atniospliurt-H 
afttT  the  oxvjrnn-riirrviiijr  f'tinction  of  the  re<l  corpiiS4'I('S  had  In-en  destroyed 
with  carbon  inon<ixid<'.  'I'lic  cx|KTimcnt  hns  boon  repeated  with  tlie  extir- 
pated nianiimilian  hoart  by  Porter,'  I^cke,"  and  Uiiscli.'  Serum  and  even 
line  Hobitions  will  serve,  if  the  oxygen  ton&ion  is  high  or  ii'  tlie  vohinie  of 
:ypen  reaeliinj^  the  tissues  is  increased  simply  by  causing  the  mitrient  litpiid 
t-:*  eireulatc  more  rapidly. 

<*arboii  (iioxifir*  is  injurious  to  the  heart  when  present  in  the  circulutinjc 
fluid  in  eonsideniI)U'  i|U;nitilies.  Tlie  force  of  tin  (Mintractlon  is  re<lu<'cd  before 
the  rate  of  beat.  Thi'  heart  |Miisoned  witfi  carbon  dioxide  oAen  falls  int<» 
irregular  contractions,  pxhibiting  at  tinnrs  "  grouping  "  and  the  "staircase*' 
phenoiueuiMi,  a  siTics  of  beati^  regularly  increasini;  in  sireugth. 

On/finic  >^uhxfttiicrM, — An  nu^iiccessfui  effort  has  l)ceu  made  to  pn)ve  that 
only  solutions  cont^iining  proteidn,  for  example  Idood-serum,  chyle,  and  ndlk, 
can  ke<!p  the  heart  active.  Recent  observers  have  shown  iIk*  iurttrreetness  of 
this  claim.  A  mixture  of  the  inorganic  salts,  so*liiun  chloride,  jmtassitim 
chloride,  and  calcium  chloride,  alone  stdHces.  lx>ekc*  foun<l  that  the  addi- 
tion of  0.1  pvr  cent,  of  dextrose  to  a  suitable  inorganic  solution  kej>t  a  frog's 
heart  working  under  a  lc»ad  of  3,5  i-entigrams,  au<l  under  an  "  after-lojul '*  of  3 
(.•entigrams  in  sjMUitaueous  activity  for  more  than  twenty-four  Iuhus.  The 
sustaining  action  which  liextrose  ap|»ear9  toexcn*ise  issharod,  according  to  him, 
bv  various  other  oi-gjinie  snbstjme(»s. 

Phyifirul  ( 'fiaruderiMir^. — llettkr  and  Albanese,*  having  observe<l  that 
the  addition  of  gum-arabic  to  the  circulating  fluid  was  of  advantage,  declared 
that  the  nutrient  Mtlutinos  sljould  possess  the  vis4'*tsi!v  of  the  bliMkl.  The 
favitrabie  action  of  i;mu-arrLbie  may,  however,  more  pr(»Ud>ly  Imj  ascribed  to  tlie 
oonipounds  which  it  contains  rather  than  to  its  physical  pro|)ertie8.^ 

Mammalian  Heart. — The  success  attatiml  within  the  past  two  years  in  the 
isftlation  <if  the  mannnMlrau  hrart  o^x^ns  up  an  [jiihcrto  unexplored  ivgion  in 
which  systematic  investigation  will  surely  bring  to  light  facts  of  wide  interest 
aTid  value.  At  present,  however,  little  is  known  as  to  the  <:t>nstitnenl8  of  the 
bhxv]  which  are  essential  to  the  life  of  the  mammalian  heart.  An  abundant 
supply  of  oxygen  is  ivrlaiuly  highly  imiKjrtant." 

'Porter:  Amrrienn  Joitmnt  nf  phtfnuitwjy,  18i)8,  i.  p.  511, 

•Locke:   (.VtarxUhtutt fur  Ph\f«initH}ie^  I8ft8,  xii.  p.  nt*8. 

•  RuM-h  :  ArehivfCtr  di*-  rjrmmtnlt  Phynitlogit^  ISWK,  Ixxiii.  p.  «5S5. 

•Ungendorff;  An^hn- fir  PkytiUoffit,  1893,  p.  417;  We:  ;&«/.,  p.  492;  Oehrwall:  SktmiUn- 
aviatkt*  Archhfiir  Phwintiuji*-,  1807,  vH.  p.  222. 

'Locke:  Journnl  of  Hi^ttiuto'/y,  l89o.  xviii.  p  332. 

'AlbMiese:  Atrhii  Cur  rrperimmUiU  Pitlkoloijie  uiul  PharmiJuA^it^  1893,  xxxii.  p.  311, 
At^K'ttr*  iiiditmnfn  de  JHoioffie^  189t),  xxr.  p.  306. 

'  Uovell  ami  ('<x>ke     JounuU  of  Phy»ioUtgy,  1803.  xiv.  p.  216. 

'Literature  m  f;iven  by  Magrath  and  KenneHr  !  Journnt  of  Erprrimental  Jifcdicintf  1807,  ji. 
p.  13;  and  II«iibiim  StMndtiutrii>^-h^»  Artkiv/Sr  Phymoloffie,  1898,  viii.  p.  147.  S«rea]»o  Ilerlng: 
Archie  fur  Hi*  gruamvttf  Vhuitifiimpf.  1898,  Izxii.  p.  16I<;  Itock  :  Arrhiv  fur  n-prrimtnttUr  Pttth- 
Utt^  und  Pkarwikotoyitj  1898,  xli.  p.  1-S8 ;  and  Clcgliom  :  ^nMriran  Jovmai  of  Pky^iototjy^  1899, 
a.  p.  273. 
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Blood  of  Various  Animals. — Koy  gives  some  data  as  to  the  effect  on  the 
frog's  ventricle  of  the  blood  of  vanous  animals.  The  blood  of  the  various  her- 
bivora  (rabbit,  guinea-pig,  horse,  cow,  calf,  sheep)^  as  well  as  that  of  the  pigeon, 
were  found  to  have  nearly  the  name  nutritive  value  in  each  case.  That  of  the 
dog,  of  the  fnt,  and  more  especially  of  the  pig,  while  in  some  inntanees  equal  in 
effect  Uy  thai  from  the  horw  or  rabbit,  were  in  other  examples  (from  the  newly 
killed  animals)  apparently  almost  poi.s<jnous.  Cyon's  early  observation  of  the  in- 
jnrioiw  action  of  dog's  blcjod  on  the  frog's  ventricle  has  already  been  mentioned.' 

Reganling  the  maimimhnn  beart,  ex|)erience  haf>  shown  that  it  is  l>est  to 
supply  the  heart  with  blood  frtmi  the  r^ame  species  of  animal.  The  difficulties 
attending  the  u^e  of  bl«j(xl  from  a  ditferent  9[)ecies  are  seen  in  t!ie  case  of  the 
dog's  heart  supplied  with  cjilTs  bl(Kwl.  The  henrt  tlies  sooner;  onlema  of  the 
lungs  takes  place,  inijK-diii^  tlie  puhiionary  circulation  and  leading  to  engorge- 
ment of  the  right  heart  ami  iKir:iK>i.s  of  the  right  auricle;  exudation  into  the 
pericardium  often  seriously  interferes  with  the  lieat  of  the  heart;  and,  finally, 
tiie  ela-tic  tn4xlulu^  4if  the  caitliac  muscle  is  a[ipareiitly  allerwl,  permitting  the 
heJirt  to  swell  until  it  tightly  fills  the*  |»enctuxlhim,  when  the  |tro|Kr  filling  of 
the  heart  is  no  longer  possible  through  hick  of  room  tor  diastolic  expansion. 


PART   IV.— THE   INNERVATION   OF   THE   BLOOD-VRS8ELS.= 

Alxjut  the  middle  of  the  eighteenth  century  more  or  less  sagacious  liypotheses 
concerning  the  contractility  of  the  bloo<l -vessels  l)egau  to  appear  in  me<licad 
litcnituir,  but  it  was  not  until  TI*nlc  dctnutiKrnitcd  the  existeuce  of  muscular 
elements  in  the  middle  coats  of  the  arteries  iu  1840  that  a  secure  fnundation 
was  laid  for  the  present  knowledge  of  the  mechanism  by  which  that  ctmtractility 
is  made  to  control  the  <listrihution  of  the  bliXMl.  Morti  than  a  hundred  veara 
before,  indeed,  P<mriour  du  Petit  had  shown  that  rwlucssof  the  conjunctiva 
was  one  of  thy  consequcrnx-s  of  the  seclioji  ol'  the  it^rvitriil  syiu|)atlielic,  but  imd 
calleil  the  prf>cess  an  inttaiumation.  in  which  false  idea  he  was  supported  by 
Cruikshank  and  others;  and  Diipuy  of  Alfort  had  uiiti*«l  itnl  ness  nf  the  con- 
junctiva, im-ix-aM^^l  warmth  of  the  forehead,  and  sweat-droj>s  on  ears,  forehead, 
and  neck  following  his  extirpation  of  the  superior  eer\'ical  ganglia  in  the 
hoi*se ;  Bnichet,  also,  cutting  the  cervical  synifvathetic  in  thi-  dog,  had  gone  so 
far  as  to  attribute  the  rfsulliug  coiig<'stion  to  a  [Kiralysis  of  the  blood-v(y=sels. 
But  these  were  merely  clever  speculations,  for  the  anatomical  basis  necessary 
for  a  nrdX  knowledge  of  this  siibjfct  was  wiinting  as  yet.  Henle  tiinn>he<l  this 
basib,  and  at  the  same  time  i-eachwl  (he  modern  point  of  view.  '*  The  part 
taken  by  the  contractility  of  the  heairt  aud  the  Idood-vessels  iu  the  circulation," 
said  Henlo,  "  can  be  cxprcss<il  in  two  words  :  the  movement  of  thc^  Mitod  ilcjieuds 
on  tlie  heart,  but  its  distribution  depinds  on  the  vessels."  Nordid  Ilcule  stop 
here.     It  was  now  known  that  the  vessels  possessed  cxjntractilc  walL>;  it  was 

>  8ec  alito  Bsrclier :  Compter  rntdm  Soeifti  tU  Bioloffitf  1808,  p.  548. 
"See  footnote  to  Fart  \L,  p,  US. 
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knovrn  further  Lliat  thc;^  walls  contracted  when  me<'hanicnlly  stiniulutc<1 ;  fW 
example,  by  scraping  them  with  the  point  of  a  scalpel ;  and  various  o(>server8 
h«d  (raced  r>vnif»athetic  nerves  from  die  j;re:iter  veseelfl  (othe  lesser  until  IohI  iu 
their  finest  rainiticationB.  It  wa.s  therefore  es^y  to  construct  a  reasonable 
hypothesis  of  the  control  of  the  bhjod-vessels  by  the  nerves.  Henle  declared 
that  the  vess*'ls  contnict  iMxntise  their  nerves  are  stimulated,  either  dirt'ctly, 
or  rcflexly  thrtui^h  the  aj;ency  of  a  sensor}-  apparatus.  The  ground  waa 
thus  prepanxl  for  the  physiological  detnonstration  of  the  existence  of  "vaso- 
motor" nerves,  as  Stilling  iM-gan  to  «ill  thiMO.  Four  names  arc  associated 
with  diis  great  aehieveiut  iit — Schiif,  lieruanl,  Brown-S^uaitl,  and  Waller, 
each  of  whom  workeil  iude pendent ly  of  the  others.  Foremost  among  them 
is  Claude  Bernard,  though  not  the  first  iu  point  of  time,  for  it  was  he  who 
put  the  new  doctrine  (MI  a  firm  ha^i?.  In  his  first  publication  Beniurd  stated 
that  section  of  the  ^.rrviciil  symjxithetio,  or  removal  of  the  snix'rior  t?ervical 
ganglion,  in  the  rabbit,  causes  a  more  active  circulation  on  the  txirrespund- 
ing  aide  of  the  (lifv  to^i'thcr  with  an  increase  in  its  tempiTaluri'.  TIih  irvc-iter 
blood-supply  manifests  itsflf  in  the  increased  redness  of  the  skin,  particularly 
noticeable  in  the  skin  of  the  ear.  The  elevation  of  temperature  may  be  easily 
felt  by  th(»  haml,  A  thermometer  placed  in  the  nostril  f»r  in  the  ear  (if  the 
operated  side  shows  a  rise  ol'  fioni  4*^  to  6°  C.  The  elevation  of  temjHiniture 
may  persist  for  sevend  months.  Similur  results  are  oUnine<l  in  the  horse  and 
the  dog. 

The  following ycjir  Bntwn-S^'<|uard  announceil  (hat  "if  giilvanism  isupplic<l 
to  the  superior  portion  of  tlie  sytnputhelic  after  it  has  been  cut  in  tlie  neck,  (he 
dilated  vessels  of  the  face  and  of  the  ear  alter  a  certain  time  begin  to  contract; 
their  contraction  increases  slowly,  but  at  Inst  it  is  evidoui  that  they  resume 
their  normal  couilition,  if  they  are  not  even  smaller.  Tfjen  tite  temperature 
diminislies  in  the  faet^  and  the  ear,  and  becomes  iu  the  palsied  side  the  same  as 
in  the  sound  side.  When  the  galvanic  current  ceases  to  act,  the  vessela  b^in 
to  dilate  again,  and  all  the  phenomena  dis(Hjvered  l>y  Dr.  Bt^Tnard  reappear/' 
Brown-S6i)uard  concludes  that  "  the  only  direct  cOkit  of  tlie  section  of  the 
cervical  part  of  the  sympathetic  is  the  paralysis,  and  consequently  the  dilata- 
tion, of  the  bkMKl-vc>sels.  Aaotiier  evident  conclusion  is  that  the  cervical 
sympathetic  sends  motor  fibivs  to  many  of  the  blootl-vcssels  of  the  head.'* 

While  Bri>wn-S6(inard  was  making  these  iriiiKtrtant  investigations  in 
America,  Ikrnard,  in  Paris,  qiiitc  unaware  of  Brown-S^-ipianl's  lalwrs,  was 
reaching  the  same  result.  The  existence  of  nerve-fibres  the  stimulation  of 
which  causes  constriction  of  the  blood-vessels  to  which  they  are  distributeil  was 
tha'4  establishcnl. 

A  considerable  addition  to  this  knowledge  was  presently  made  by  Scjiiff, 
who  |x>iuted  out  in  1856  that  certain  vaso-motor  nerves  take  origin  from  the 
spinal  conL     The  destruction  of  certiiin  j»arts  of  the  spinal  cord  causes  the 

fiHc-ular  dilatation  and  rise  of  temi>erature  that  follows  the  section  of  the 
)tur  nerves  outside  the  spinal  u»rd. 
this  time  SchifiP  also  ofiered  evidence  of  vaso-dilator  nerves.     When 
/OU  I.— 13 
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the  lefl  cervical  symjmtfiettc  is  cut  in  a  dog,  and  the  animal  is  kept  in  his 
kennel,  the  left  ear  will  always  be  found  to  be  5^  to  9*^  warmer  than  the 
ri^ht.  If  the  dojr  i:s  now  taken  out  for  a  run  in  the  warm  sunshine,  and 
allowetl  to  heat  himself  until  he  begins  to  pant  with  outstretched  tongue,  the 
tcnuperature  of  twth  ears  will  be  found  to  have  inereased.  The  right  ear  is 
now,  however,  the  warmer  of  the  two,  bein^  fnmi  1°  to  5°  wurnier  thuu  the 
left.  The  blood-ve^sels  of  die  right  ear  arc,  nicireover,  now  fuller  than  those 
of  the  left.  When  the  animal  is  quiet  again  the  former  condition  returns,  the 
redness  and  wurmtli  in  the  ri^ht  lietximiug  again  less  than  in  the  left  ear.  The 
increase  of  the  rednea-s  and  warmth  of  the  right  car  over  the  left,  in  which  the 
vaso-constrictor  iiervci?  were  paralyzed,  rauat  be  the  result  of  a  dilatation  of 
the  vessels  of  tlie  right  ear  by  sorao  nervous  mechanism.  For  if  the  dilatation 
of  the  vessels  was  merely  piLssive,  the  vessels  in  the  riglit  ear  ooidd  not  dilate  to 
a  greater  <legree  than  tliose  in  the  left  ear  which  had  been  left  in  a  jmssive  state 
by  the  section  of  their  nerves.  This  exj>eriment,  however,  is  hy  no  means  con- 
clusive. 

The  existence  of  vaso-dilator  fibres  was  placed  beyond  doubt  by  the  ft)llow- 
ing  experiment  of  Bernard  on  the  chorda  tympani  nerve,  new  facts  regai-ding 
the  vaso-constrirtor  nerves  Iwincj  also  seeur(Hl.  BtTuurd  ex|Mised  the  submax- 
illary gland  of  a  digesting  dog,  removed  the  digastric  muscle,  is4.ilated  the 
nerves  going  to  the  gland,  introduce<l  a  tube  into  the  duct,  and,  fiually,  sought 
out  and  o|)ene<i  the  submaxillaiy  vein.  Tlie  blood  containe<l  in  the  vein  was 
dark.  Tlte  nerve-branch  coming  to  th<-  gland  from  the  symiKitlictic  was  now 
ligated,  whereupon  the  venous  hloiwl  i'vuiw  (he  gland  grew  red  and  flowed  more- 
atnuulantly  ;  no  saliva  was  excreted.  The  sympathetic  nerve  was  now  stimu- 
hited  iK-'tween  the  ligature  and  the  gland.  At  tfiis  the  blood  in  the  vein  became 
*lfirk  again,  flowed  in  iciss  abundant^  and  finally  stopped  enlirely.  On  allow- 
ing the  animal  to  rest  the  venous  blood  grew  nn\  once  more.  The  chorda 
tympani  nerve,  ccmiing  from  the  lingual  nerve,  was  now  ligatetl,  and  ti)e  end 
in  connection  wilh  the  gland  stimulated.  Then  almost  at  once  saliva  sireamed 
into  the  duct,  and  large  quantiti(«  of  bright  scarlet  blcHMl  flowed  from  the  vein 
in  jets,  synclirontjus  with  the  pidse. 

This  cxperinient  may  be  said  to  clasc  the  earlier  history  of  the  vasMj-motor 
nerves.  It  was  now  established  Iwyond  f|Ucsnon  that  the  size  of  the  blood- 
veg.scls,  and  tIjUH  the  (piantity  (jf  blooil  c:irrie<l  by  tliem  to  diiferent  parts  of  the 
body,  i.s  controlled  by  nerves  which  when  stimtdaled  either  narrow  the  blood 
vtyjsels  (vas<M'oustrrctor  nerves)  and  thus  diminish  the  quantity  <if  bliKxl  that 
flows  through  them,  or  dilate  the  vessels  (vaso-dilator  nerves)  and  incrcjise  the 
flow.  The  sectiou  of  vaso-eoustrlctor  nerves^  for  example  tllos^:'  ftMind  in  the 
cervical  nympathetic,  causes  the  vessels  pi-eviously  constricted  by  llu-m  to  dilate. 
The  section  of  a  vaso-dilator  nerve,  for  example  the  chorda  tympani,  running 
from  the  lingual  nerve  to  the  submaxillary  gland,  dm*s  not,  however.  <^use  llie 
constriction  of  the  vessels  to  wluch  it  is  distributed.  An*l  finally,  it  was  now 
determine*]  tliat  vaso-motor  fibi*e3  are  foimd  in  the  sympathetic  system  a& 
well  as  in  the  spinal  cord  and  the  oerebro-HpinaL  nerves. 
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Tt  rcmaiiHMl  for  a  Inter  day  to  show  that  va*<f>-motor  iHTvoa  are  present  in 
the  veins  f\»  well  n»  in  the  arteries.  Mall  ha8  found  that  when  the  aorta  is 
oompres-secl  below  the  left  subolavian  artery,  the  portal  vein  receives  no  more 
blood  from  the  arteries  of  the  intestine,  yet  remains  for  a  time  nuKJerately  full, 
because  it  eannot  ininiediately  empty  its  iM»ntenLs  thruu}^ii  the  jKirtal  eapil- 
larie»«  of  the  liver  against  the  res-istance  which  they  offer.  If  the  peripheral 
end  of  the  cut  splnni'lmic  nerve  is  now  stimulated,  the  |>ortal  vein  contracts 
visibly  and  may  Ix?  alinosi  wholly  emptied.  Tliompscm  '  hiu  extended  the 
discovery  of  Mall  to  the  superficial  veini^  of  tlie  extremities.  He  finds  that 
the  stimulntion  of  the  periphend  end  nf  (110  nit  sciatic  nerve,  the  crural  artery 
boin^  tieil.  eaases  the  constriction  of  the  sup*,'rfif'ial  veins  of  the  hind  limb. 
The  contraction  begins  soon  after  the  commencement  of  the  stimulation,  and 
usually  goes  so  far  as  tt)  obliterate  tlie  hmien  of  the  vein.  Often  the  contrac- 
tion begins  nearer  the  proximal  portion  of  the  veirj  and  advant^es  towanl  the 
|)eripher)'.  More  commonly^  however,  it  is  limitetl  to  band-like  (Hm.mrictions 
between  which  the  vein  is  filleti  with  blood.  Af\er  .stitiiulation  ceases  die 
constrictions  gradnallv  disappear.  A  second  and  third  stimulaticm  pnxiuoe 
much  lc?«  txmstriction.  The  superficial  vcin.s  ui'  the  nibbit'a  alKlomen  are 
cunstrictcd  by  the  htinudation  of  the  cervical  spinal  cord  at  the  second  ver- 
tebra. 

The  observations  of  BernanI  and  his  (H«itcmjK>raries  Jed  to  a  very  great 
number  of  researches  'Hi  the  general  projierties  and  the  distribution  of  the 
vaso-motor  nerves,  iu  the  course  of  which  a  variety  of  ingenious  methrxls  of 
observation  have  U-en  devised. 

Methods  of  Observation. — One  fruitful  method  of  research  lias  been 
already  incidentally  mentioned,  namely,  the  direct  inspection  of  the  vessel,  or 
region,  the  va.s<»-motor  nerves  <>f  which  are  IxMug  studiwl. 

A  sectind  mctlHKl  consists  in  acenrately  measuring  the  outflow  from  the 
vein.  If  the  bliHwi- vessels  of  the  area  drained  by  the  vein  are  constricted  by 
the  stimulation  of  a  vaso-motor  nerve,  tlie  <|uantity  I'stijping  from  the  vein  in 
a  given  pericHi  previotw  to  conHtnctiuu  will  !«•  greater  than  that  i-scapiug  in  an 
equal  jieriod  during  tx>nstriclion.  This  well-known  method  is  especially  avail- 
able where  an  artiHcinl  circulation  is  kept  up  thn»ugh  the  organ  studii^^l,  as 
the  blood  draiiked  from  the  vein  d(»es  not  then  weaken  the  animal  an<l  thua 
disturb  tlie  accuracy  of  tlie  observations,* 

A  thinl  methm]  is  fcHnnhHl  on  the  principle  in  hydniulit^  that  the  lateral 
pressure  at  any  point  in  a  tul>e  through  which  a  liquid  flows  depends,  other 
things  l»cing  equal,  on  the  resistance  to  be  overccmie  below  the  point  at  which 
the  pressure  is  mea'^ure^l.  In  the  animal  IhxIv  the  resistance  tf»  bo  overcome 
by  the  blood-stream  varii*  with  the  state  of  ctjntraction  of  the  smaller  vessels, 
ami  tiuis  the  variations  in  the  latend  pressure  of  a  given  artery  may,  under 
certain  restrictions,  be  used  to  determine  variations  in  tlie  aire  of  the  smaller 

'ThompAon:  ArcHivJur  Phynntoffie^  1893,  p.  104;  Bancroft;  Ameriean  Journtd  c^  Ph'/rioteyf, 
1»9H.  i.  p,  477- 

*r«Tmuani  anti  Manra:  Archmt  ilulimnfa  tit  Hioh^it^  1896,  xxW.  p.  33, 
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vessels  distal  to  the  arten'.  The  re:*tnc'tioijs  urv,  that  the  variations  in  the 
lateral  pressure  in  the  artery  are  indicative  of  changes  iu  the  size  of  the  distal 
veaeela  i>i\\y  when  the  genenil  blotxl- pressure  remains  unaltered,  or  alters  in  a 
direction  oppKsite  to  tlie  change  in  the  artery  investigated.  An  example  will 
make  this  plain.  Dastre  and  Morat,  iu  order  to  demonstrate  the  preseuoe  of 
vaso-motor  fibre**  for  the  hind  limb  in  the  sciatic  nerve,  connected  a  manometer 
with  the  central  end  of  the  loft  ft^moral  artery,  and  a  second  manometer  with 
the  jieriphei-al  eiul  of  the  ri^ht  femonil  artery,  distal  to  the  origin  of  the  pro- 
funda femori^.  The  anastomoses  between  the  principal  branches  of  the  fem- 
oral artery  are  so  nnmeroiin  and  so  large  that  the  circulation  in  the  limb  can 
be  niuintaiued  by  ihe  profunda  femoris  alone.  Dastit-  and  Moral  could  there- 
fore compare  the  general  blotxl-pressure  with  the  bloiHl-pres!?ure  iu  the  right 
hind  limb.  On  .-itiinnlnting  the  |M.Tipheral  end  of  the  right  selatio  nerve,  the 
hlcKid-pressure  rose  in  the  urifriLS  of  the  limb,  but  remiiinwl  stationary  in  the 
arteries  of  the  trunk,  connected  with  the  first  manometer  through  the  ceutxal 
end  of  the  Ir-ft  femoral  artery.  The  rise  of  hloud-pres,stire  in  the  operated 
limb,  while  the  blood-pressure  in  the  rest  of  the  IxxJy  remained  unchanged, 
proved  that  the  vessels  in  the  operated  lind)  were  constricted. 

Many  invcf^tigntors  have  studietl  vnso-motor  phenomena  by  means  of  the 
plelhysmograpii,  an  apparutus  invented  by  Mosso  for  recording  the  changes  iu 
the  volume  of  the  extremities.  The  member,  the  vasct-motor  nerves  of  which 
are  to  be  studied,  is  placed  within  a  cylinder  tilled  with  water,  from  which  a 
tube  leatLs  to  u  recor<ting  tambour.  An  iiicre:ihe  in  the  volume  of  the  member, 
such  afS  Would  be  bruuglit  alMiut  by  tlie  e\pan5.ion  of  its  vessels,  causes  a  corre- 
Bponding  volume  of  water  to  enter  the  tambour  tube,  thus  raising  the  pressure 
in  the  tambour  an<I  forcing  its  lever  to  rise.  A  constriction  of  the  vessels,  on 
the  contrary,  causes  tlie  refX'rdiiig  lever  to  tall. 

In  addition  to  these  general  methods,  special  devices  have  been  employed 
in  the  i^e-^'archei!  into  the  vaso-motor  nerves  of  ihi-  brain. 

In  con.-^i<|priug  the  obsi-rvatiiuis  made  with  these  various  methods  it  will 
be  advi>iible  to  begin  with  thedltJerences  I)etween  the  two  kinds  of  vaso-motor 
nervea. 

Differences  between  Vaso-constrictor  and  Vaso-dilator  Nerves. — The 
difierences  Iwtween  vaso-cttustrittor  aiul  vaso-dilator  nerves  are  particularly 
interesting  for  the  reason  that  both  vaso-constrictor  and  vaso-dilator  libi*cs  are 
often  foumi  in  one  and  the  same  anatomif«I  nerve.  Thu  s<'iatic  nerve  is  a 
good  example  I  if  this.  Hy  taking  advantage:  of  these  dirtereiices  the  investi- 
gator may  detenniue  whether  one  or  both  kinds  of  fibres  are  present  in  any 
ai)atoMii<^'al  nrrve;  whereas,  without  this  knowtedg*.',  the  effects  protluced  by 
the  stimulation  of  the  one  might  be  wholly  masked  by  iJie  effects  pixxluced  by 
the  stimulution  of  tlie  other. 

The  vaso-coustnctoi*s  are  less  easily  excited  than  the  vaso-dilators.  The 
simultaneous  and  equal  stimulation  of  the  dilator  and  constrictur  nerves  going 
to  the  submaxillary  gland  causes  vaso-constnctiou,  dilatation  appearing  after 
the  stimidation  ceases,  for  the  after-effect  of  excitation  is  of  shorter  duration 
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with  the  coustrictors  lliaii  with  tlic  dilators.  AVarining  inerea'ies  unci  (MW)litig 
diminishes  the  exoitahility  of  the  vaso-constrictors  to  a  gr«itor  degree  than  is 
the  case  with  the  vaM>-<lilator8.  Thus  if  the  hind  limb  of  au  auimal  be 
^'armed,  the  stimulation  of  the  scintif  nerve  will  rans*;  va.so-<^nstriction ; 
wiiile  if  it  Im?  cooled  the  same  stimulutiou  will  oautfe  vas«>-<lilaUitiuu.'  VaBo- 
oonstrictors  are  more  sensitive  to  rapidly  repeatetl  induction  shocks  (tetaniza- 
tion)  and  less  sensitivu  to  sir»gle  induction  slux'ks  than  ai-e  vaso-dilalors.  Thus 
if  the  sciatic  ner\'e  is  stimulated  with  imluction  shm*ks  of  the  sunie  strength,  it 
will  be  found  that  a  rapid  i'e)>ctition  of  the  stimuli  will  give  vaso-eonstrictioD, 
while  with  single  shocks  at  int/^rvuls  of  five  seconds  vaxwlfLiraticm  is  the  n'snit. 
Vaso-constricrors  degenerate  more  iiipidly  thai»  vaso-ilHators  niler  separation 
from  their  cells  of  origin.  The  stimulation  of  tlie  peripheral  end  of  the  frog's 
:9ciatic  nerve  Emmr<lintely  after  section  caiirws  constriction.  Several  days  later 
the  same  stininlatioa  causes  vaso-dilaJntion,  the  constrictor  nerve*<  having  already 
degenerated  (see  Fig.  44,  li).  The  maximum  eflTect  of  .'^tiniulutitui  is  more 
quickly  reached  with  the  vaso-<x)nstrictor  than  with  the  vjb^o-dilalor  nerves. 
There  is  also  a  diflerence  in  the  latent  period,  or  interval  bctweeu  stimulation 
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]  ;■..  u.  '  '.irvL>  u-i  iiiivl  t.y  ._-n.jl.Kaiiic  thu  litnJ  limb  of  tx  kM  i::  :  .  .  .  -  ^ffij-h  mjil  viimu- 
iMlOK  the  (wrtptiemt  curt  of  ihe  cut  »cliitlc  nerve  iBowrtltch  aud  Warren,  issti,  p.  «7).  The  curve*  ix-sd 
flrom  right  lu  Icn.  In  eAch  rase  the  verUcal  Hdum  shim  thti  duration  of  lite  fttlmulu*— nontely,  flfloen 
Induction  ihockfi  ikt  second  durltiff  twenty  fiecoiids.  Curve  A  shtivrn  the  cuutructinn  uf  ttie  vuttsflB  pn.»- 
dooed  by  Ibe  exetutlnn  of  the  rt-vably-divided  nerve,  ciirvc  B.  the  dilatatftm  produced  by  an  o«|ual 
cxclution  of  the  nerve  of  the  upiHwIte  side  fuar  dayi  after  tectton.  ihc  vaso-constrlctur  ncrvet  havinf 
deceovriited  mure  rapidly  thiin  the  vaau-dtlutom 

and  res|>onse.  Bowditch  and  Warren  have  found  the  latent  period  of  the 
vaso-constrictor  fibres  in  the  s<-iatic  tt>  be  about  1.5  seconds,  while  that  i>f  the 
vaao-dilators  is  3.5  Hecondn.  Finally,  the  two  sorts  of  nerves  have  Ixvn  said 
to  dilTer  in  the  manner  in  whicii  they  arc  distributed.  The  vaso-constriclor 
nerves  leave  the  cord  bs  uKHlullated  fibres,  enter  the  sympathetic  chain  of  gan- 
glia and  end  iu  terminal  brnnchL's  probably  in  eontuet  with  a  synipathetiu 
ganglion-Mi.  Tlie  wtnstrictor  impulse  b  forwarded  to  the  vessel  by  a 
process  of  this  cell,  eitlier  directly  or  by  means  of  still  other  sympathetio 
gflnglion-ct'll-*.  The  vaso-dilator  fibre,  on  the  contniry,  was  tlnmghi  to  run 
directly  fn>?n  the  cord  to  th(»  bh)od-vessel ;  but  recent  investig:ition»  make  it 
probable  that  all  spinal  vaso-motor  tibres  end  in  sympathetic  ganglia. 

Origin  and  Course. — The  vaso-motor  nerves  the  genend  pnt|>crties  of 
which  have  just  been  studieil  are  nxis-cylintler  processes  o(  sympathi'tic  gan- 
glion-cells.    They  follow,  for  a  time  at  least,  the  course  of  the  corn'sponding 

*  fiowetl,  BuilgeU,  and  Leonard  :  Joumai  of  PkyMuMoyy,  ]Sy4,  xvl  p.  2(»8. 
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•fNDml  nerve.  Aoourding  to  Langlev/  they  do  not  differ  from  tl 
and  Neeretoiy  nerves  except  to  the  oature  of  the  Btmcture  in  wfaic 
ntte,  Ther  are  not  intermpied  by  other  nerve-cella  on  tb«r 
wciMm  iff  tile  •sympathetic  vieo-motnr  ocIIb  \&  iafiuenccd  by  the 
ctlU  of  the  »>pinal  cord  and  bulb.  These  are  probably  emaU  oeOs 
irariffU^  leveU  in  the  anterior  horn  and  ]at<?ral  gray  substanoe;.  Their 
cyVimltr  prooEwos  leave  the  oerpbro-f^pinal  axis  by  the  anterior  rooiB^  of 
eertain  eprtial  and  In'  certain  cranial  nerves,  and  enter  f^mpathetic  isainglja, 
wberv  they  end  in  terminal  tvriffi  probably  in  contact  with  the  sympathetic 
V8«Mnotor  oulb.  The  vaeo-rootor  cells  lying  at  various  levels  in  the  cenhvo- 
apiitt]  axM  are  in  turn  largely  controlled  by  an  a±«siMriutiuu  of  cclb  situated  is 
the  bulb  and  termed  the  vaao-motor  centre.  The  neuraxons  (axi»-c%*lioder 
proccMMs)  of  the  cell^  eomfHiHiug  thi.s  ^*  centre  ^^  pas8  in  part  to  the  nodes  of 
fxrliin  cranial  ufr\m  and  in  part  down  the  lateral  oiilumus  of  tbe  eord,  to 
tod  10  oootaii  with  the  npinal  vai»o-motor  cells.  The  va&o-motor  apparatns 
cuutAaUf  then,  of  tlirw  rla>o  of  nervtxx'lls.'  The  ceIl-l>odies  of  tbe  fir>t  class 
lie  in  aym^iallietic  ganglia,  their  neuraxoiiA  pacing  directly  to  the  smooth  mn»- 
dee  in  the  wuIU  of  the  vt^melti;  the  second  are  situated  at  different  levels  in 
the  oef«bro-f(pinal  axl*^,  their  neuraxond  passing  thence  to  the  eyui[)atbetic  gan- 
glia by  way  of  the  hpinal  and  cranial  nerves;  and  the  third  are  placed  in  the 
bulb  anr]  ciintrt>l  the  second  through  intitispinal  and  intracranial  paths.  The 
nerve-cell  of  the  first  clans  lies  wholly  without  the  oerebro-spinal  axis^tjic  thiid 
wholly  within  it,  while  tlic  secoii'd  is  partly  within  and  partly  without,  and 
bin'l«  t<ig4ihi*r  the  renmining  two. 

Tlic  evidence  for  the  existence  of  these  vaso-motor  nerve-cells  must  now 
be  OOOMdcrcfi.  We  hIiuU  l>egin  with  those  of  the  third  class,  constituting  tiie 
ao-cilkd  bnllMir  vaso-motor  centre. 

Bulbar  Vaao-motor  Centre. — The  Hs^tion  of  the  spinal  cord  near  itA 
junction  with  the  hnlh  jh  followed  by  the  general  dilatntion  of  tlie  blood- 
VCMcln  of  the  trunk  an*!  limb?.  The  dilated  vessels  are  again  constricted 
when  the  w.-vcrc*!  fibrea  in  the  spinal  cord  are  artificially  stimulated.  Hence 
the  MMrtion  csiUM'd  the  dilutiitioii  by  interrupting  the  vaso-constrict'vr  impulses 
piMJng  front  the  bulb  lo  pju'ts  below.  The  |H>sition  of  the  bulbar  vaso- 
nufifltrictor  ciM*trc  has  Ikxii  <lei€rniiue<l  by  Owsjauuikow  and  Dittrnar.  The 
fifrnuet  ol»eervcr  divitlwl  the  bulb  tmnsverscly  at  various  levels.  When  the 
aecitlmi  frll  hnnnHliatfrly  caudal  to  the  corpora  quadrigernina,  only  a  slight 
t6Rj|i«/rMry  riwt  in  bbMnl-pressure  was  obnerved.  When,  however,  the  section 
frll  a  millimeter  or  two  nearer  the  cord»  a  ctjnsiderable  ami  permanent  fall  in 
the  hhx^d-preMfcim*  was  notctl.  Further  li»wenng  was  wien  as  the  sections 
were  rorrlHl  Atill  farther  tt»ward  the  spitml  cord,  until  at  length,  about  four 
niillimetem  from  the  corpora  quadrigeniina,  no  further  fall  took  place.     The 

*  iMtmUy'  JounuU  of  Phj/Bioloffiff  iSM,  zvii.  p.  314. 
Mom|«r«  W«r»iloff:  Oentrulbiatt  Jur  PhyttiologU',  1896,  x.  p.  194. 

*\\y  "nerve-oclU"  U  meAnt  tho  ceU-Wnly  witli  ull  ils  |troft«w:s,  namely,  the  neuntxon,  or 
ftzia-cylinder  proceM,  and  tlie  dendritCA,  or  protoplftsiuic  prucewes. 
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^Bl  from  wliicli  the  vaso-oon.-^trictor  nerves  receive  a  conn^ant  excitatiun 
<*xtemlH,  therefore,  in  the  rabbit,  over  about  three  raillimetere  of  the  bulb  not 
f:ir  from  the  ooqw>ni  qimrlritceinina.  Two  years  iiflor  this  invest ijjntiou  Ditt- 
luar  ttddeci  to  the  observations  of  Ownjunnilvow  the  fiiet  ihnt  the  vaso-ron- 
strictor  centre  is  bilateral,  lyiu^  in  the  anterior  part  of  the  lateral  c*uhuuns  on 
both  sides  of  the  n)e<lian  line.  At  thi.«  site  i.s  found  a  grotip  of  ganjj:lion-oell6 
known  as  the  aniero-iateral  nucleus  of  Clarke.  It  '}:*.  possible,  tliougb  far 
from  iH^rtain,  tlmt  these  are  the  cells  of  the  vaso-constrietor  centre. 

The  vaso-oonslrictor  centre  in  the  bulb  is  always  iu  a  state  of  action,  or 
** tonic"  excitation,  as  is  shown  by  the  dilatation  of  the  vessels  when  deprived 
of  their  constririnr  impulses  thnuigh  the  sit-iion  of  the  spinal  i?ord. 

It  is  not  definitely  known  whetiier  a  va50-dilator  centre  is  preeent  in  the 
bulb. 

Spinal  Centres. — A  complete  demonstration  of  the  existence  of  vaso-motor 
centres  in  the  spinal  cord,  first  ^u^^j^ted  by  Marshall  Hall,  was  made  by  Goltz 
and  Freusberg  in  th(?ir  experiment.s  on  dogs  whicli  had  been  ke|)t  alive  at\er 
the  division  of  the  spinal  cord  at  the  junction  of  the  dorsal  anil  tJ»c  lumbar 
r^ons.  This  operation  cuts  off  both  seasory  and  motor  eomnniniuition 
between  the  parts  lyinjr  above  and  below  ifie  plane  of  section,  and  divides  the 
animal  physiologically  into  a  fore  dog  and  a  hind  dog,  to  use  the  author's 
exprf^*iion.  The  investigator  «in  now  explore  the  lumbar  cord  unvexc*!  by 
cerebral  impulses.  A  great  number  of  motor  reflexes  formerly  thought  to  have 
their  centres  exclusively  in  the  brain  are  by  this  means  found  to  take  place 
in  the  absence  of  the  braio.^  That  va-«o-motor  reflexes  were  among  them  was 
discovered  by  accident.  It  was  noticed  that  the  mechanical  stinuilntion  of  the 
skin  of  the  hIxIoiiicm  and  |>en]s  while  the  animal  was  being  waslied  provoked 
erection,  which,  as  lu:klmrd  had  discovered  some  years  before,  is  a  reflex  action 
dae  to  the  dilatation  of  the  arteries  of  the  penis  through  impulses  conveye<l  by 
the  nen'i  erigentes.  Pressure  on  the  bladder,  or  the  wixUs  of  the  rectum,  also 
had  this  effect.  Ai'ter  the  destruction  of  tlie  lumbar  cord  this  reflex  was  no 
Jonger  possible,  Tlie  vessels  of  the  hind  limb  are  also  connected  with  vaso- 
motor ct.'lls  in  the  lum]>arcord.  Soon  after  the  section  of  theconl  in  the  <lorsal 
region  the  hind  j>aws  are  observed  to  be  warmer  than  tlie  fore  pjiws,  and  the 
arteries  of  the  hind  iimb  are  seen  tn  beat  more  strongly.  This  is  the  result  of 
cutting  off  the  vaso-consirictor  Impidscs  from  the  bulbar  centre  to  the  vessels 
in  question.  If  the  animal  survives  a  considerable  time  the  hind  paws  will 
be  oljserved  to  grow  cooler  fn^m  <lay  to  day  until  they  are  again  no  warmer 
than  the  fore  paws.  Destruction  of  the  lumbar  cord  now  causes  the  tem|)era- 
ture  of  the  hind  liml)s  to  risi'  again. 

The  conclusion  drawn  from  these  observations  is  that  vaso-motor  cells  are 

■  present  in  the  spinal  cord.     It  is  probable  that  they  are  normally  subordinated 
to  the  bulbar  nerve-cells  and  re<juirc  a  certain  time  after  separation  from  the 

_  bulb  in  order  to  develop  their  previously  rudimentary  powers.     Hence  the 

H        *  Later  experimenls  by  Uolu  and  Kwald,  showing  the  degree  of  indcpeodence  of  cbe  ■piual 
Hcord  poaeeiod  by  Bytnpathetlc  Taso-motor  neiironft,  will  preBenily  be  cit4vl. 
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interval  af  mauydavH  between  the  section  and  the  return  of  arterial  tone  in  areas 
distal  to  the  action.  It  has  been  suggested  that  during  ihis  perioil  the  power 
of  tho  spinal  nerve-wll  ig  inliibited  hy  impulse?*  prix-eeding  iVoni  the  cut  sur- 
face uf  the  con],'  but  this  long  inliibition  is  questionable  in  view  of  the  fact 
that  transverse  section  of  the  <Hjnl  in  rabbits  and  dogs  does  not  inhibit  the 
phrenic  nuclei.* 

The  spinal  uerve-<wll  takes  ])art  in  vaso-motor  reflexes.  Thus  the  stimu- 
lation of  the  central  end  of  the  brachial  nerves  at\er  section  of  the  spinal  cord 
at  the  third  vertebra  causes  a  dilatation  of  the  vessels  of  the  fore  limb.  The 
fitimulatiou  of  the  cfutral  end  of  the  sciatic  nerve  after  the  division  of  the 
spinal  cotxl  causes  a  general  rise  of  blood-pressure  indicating  the  constriction 
of  many  vessels.  The  sensory  stimulation  of  one  himl  limb  may  cause  reflexly 
a  narrowing  of  the  ve^seJs  in  the  other,  after  the  Kpinal  cord  is  scvere<l  in  the 
mid-thoracic  region.  In  asphyxia,  after  the  .'^ejrai'alion  of  the  cord  from  the 
brain,  vascufar  constriction  is  produced  reflexly  through  the  spinal  centres. 
This  constriction  is  not  observed  if  the  cord  i>t  previously  destroyed.  Goltz 
and  Ewald  find  tliat  the  tunic  coiistriclion  of  tlic  vesw^ls  of  the  hind  limbs 
returns  at\er  the  extir|>ation  of  the  lower  part  of  the  spinal  cord. 

Sympathetic  Vaso-motor  Centr«B. — Gley^  finds  that  after  the  destruc- 
tion i»r  both  bulbar  an(]  spinal  centres  some  tlcgrcT  of  vascular  tone  is  still 
maintaiuetL  The  extraordinary  experiments  of  Goltz  and  Ewald  place  this 
fact  l)eyand  question.  The.se  pliysiologists  remove  the  lower  part  of  the  spinal 
cord  completely,  taking  away  80  millimeters  or  more.  For  a  few  days  after 
the  operation  the  hind  limbs  are  hot  and  red,  from  dilatation  of  their  blood- 
vessels. Soon,  however,  the  hind  limbs  become  as  cool,  and  sometimes  even 
cooler,  than  the  fore  limbs,  their  arterial  tonus  being  re-established  and  maiu- 
lainetl  without  the  help  of  the  spitial  conl. 

The  synipathettc  ganglia  art*  probably  a]s<.>  centres  of  reflex  vaso-motor 
action.  The  fact  that  thc-se  ganglia  act  as  centres  for  other  motor  reflexes 
would  itself  snsrgcst  tliis  [Hissibilitv.  Evidence  of  tho  %'as()-motor  reflex 
function  of  the  first  thonu  ic  gjinglion  has  been  oflered  recently  by  Eranyois- 
Franck.^  Tlie  two  br;iiirhi's  com[MJsii»g  tlic  arnuilus  of  Vicussens  conUiin  both 
afferent  and  etfcrcnt  fibres.  If  one  of  the  brauclies  is  cut,  and  the  end  in  con- 
nection with  the  first  thoracic  g;ing] ion  isstimulatcd,  the  ganglion  having  been 
peivinUed  from  the  spinal  cord  by  the  section  of  the  cominunicattiig  Umnehcs, 
a  constriction  of  the  vessels  of  the  ear,  the  submaxillar}'  gland,  and  the  nasal 
mucous  membrane  may  be  observed. 

This  evidence,  t4»gcthcr  witli  tfie  ptiiliability  that  the  ntninixnns  of  all  tlic 
spinal  vaso-motor  cells  vw^l  in  sympathetic  ganglia,"^  makrs  it  iarrly  credible 
that  the  sym|xithctir  vaso-motor  nerve-celi  possesses  central  functions. 

' Goltz  und  Ewald:  Archtv  Jur  die gaammU  Physioloyif,  1806,  Ixiii.  p.  H97. 

'Porter:  Journal  of  Phy^i'jloi/ij,  ISO-'i,  xvii.  p.  459. 

MJley:  Ardiiwtdt  Phy»u^Oijir,  ISiH,  p.  704. 

*  Fmnck  :  ArdiiviSf  Jr  Phytidogir^  1891,  p.  721. 

*Setf  the  KlAtement  of  ijingley's  resiillti  witli  the  nicotm  method  mi  piipie  208. 


I 


i 


There  has  been  much  distussioii  over  the  menninjjr  oC  the  rhythmic  con- 
tractions observed  in  certain  blcKwi- vessels  appatvnily  independent  nf  the  cen- 
tral nervous  aysteni.'  The  nicdiaii  artery  of  the  rabbit's  car,  the  artcna 
^phena  in  the  same  animal,  and  the  vcsisels  in  the  froj^^s  web  atul  frog'H  nie«- 
pijter}',  sloM'ly  contract  and  relax.  This  rhythmic  contraction  is  easily  seen  in 
the  ear  of  a  white  rabbit.  The  nioveint-nt-s  are  possibly  of  purely  muscular 
origin,  but  are  more  probably  the  result  of  i^riodical  di.s<*harges  by  vaso-motor 
nerve-cells. 

Rhythmical  vdHations  in  the  tomu  of  the  vaso-constriclor  centres  are  often 
held  to  explain  the  oscillations  seen  in  the  bl(KMl-pressure  curve  aflcr  the 
influence  of  thoracic  aspiration  lia-s  l^ecn  eliminated  by  opening  the  chest  and 
cutting  ihe  vagus  nerves.  These  oscillations  are  of  two  sortit.  In  the  one, 
llie  bhKxi-presHure  nlnks  n  itli  <very  inspiratioit  and  rises  with  every  expiration, 
though  the  rise  and  fall  arc  not  preiiiH-ly  yynchronoUH  with  the  respiratory 
movements;  in  iho  other,  the  so-called  Traube-Hering  waves,  tlie  oscillations 
embrace  several  rcsfiirations.  It  has  also  been  suggested  that  these  pheuomcua 
are  due  to  periodical  changes  in  the  respiratory  centre  affecting  the  vaso*con- 
strictor  centre  by  "  irradiation." 

Vaso-motor  Reflexes. — The  vaso-motor  nerves  can  be  excited  reflexly  by 
afferent  impulses  conveyed  either  from  the  blood-vessels  themselves  or  from 
the  eud-orguns  of  sensory  nerves  in  general.  The  existence  of  reflexes  from 
the  blood-vessels  may  be  shown  by  HegerV  experiment.  Heger  obeerveii  a 
rise  of  genrnd  bl(H)d-pit*>si]n'  with  a  snbscfjuont  fall,  un*!  at  times  a  primnrv 
fall,  aflcr  the  injfitioti  nf  nitrate  of  nilver  into  the  {leripheral  end  of  the  crural 
artery  of  a  rabbit.  The  limb,  with  the  exception  of  the  sciatic  nerve,  was 
severed  from  the  trunk.  The  quMiitily  injcctc<l  was  so  small  that  it  probably 
was  decom[K)se*l  before  pa^^ing  lIic  capillariep  or  escaping  from  tln'  bhKHl- 
vessels.  Thus  the  effect  exerted  by  tlie  nitrate  of  silver  on  the  general  bloud- 
prefisure  was  probably  caused  by  aflbrcnt  impuli»es  jiet  up  in  llie  blood-veseels 
themselves  and  transmitted  through  the  sciatic  nerve  to  the  vaso-motor  cen- 
tres, Vaso-motor  reflexes  are,  however,  much  more  commonly  prwhioed 
by  the  stimulation  of  sensory  nerves  other  than  those  present  in  the  blood- 
vessels. 

The  reflex  constriction  or  dilatation  ^  ap(»ear8  usually  in  the  vascular  area 
from  which  tlie  afllrent  impulses  arise.  For  example,  the  stimulation  of  the 
central  end  of  the  pa-*terior  auricular  nerve  in  the  ndjbit  canses  a  passing  con- 
fiiriction  followc<l  l>y  dilatation,  or  a  ]>rimary  dilatation  often  followed  by 
eoufitnction  of  the  vessels  in  the  ear.  The  stimulation  of  the  nervi  erigentes 
^KOBCA  dilatation  of  the  vessels  of  the  penis.  (ia.?kcll  foum]  thnt  the  vessels 
«f  the  mylo-hyoid  muscle  widened  on  stimulating  the  mucous  membrane  at 
the  cntranoe  of  the  glottis. 

'Fnuiek:  Arthivta  He  Pkfftiolotpf,  1893,  p.  720 ;  Lui:  Archieea  iUiUemim de BiolAifie,  I8H  xju. 
p.  4!6  ;  Golu  ami  KwaUl  :    Arehttfur  du  gemmmte  PhyeuAoyie^  ]800,  UUi.  |>.  ftiM. 
'H«gglin:  iiriUrJirift jitr  Hinim-U  MeiitC4n,  18tM,  xivi.  p.  125. 
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The  vascular  veHex  '  may  apjiear  in  a  |iart  associated  in  function  wirh  the 
senary  surface  fitimulatod.  Thus  the  stimulation  of  the  tuugue  cau^^es  dilata- 
tion of  the  bloofi-vesscls  in  the  submaxillar)'  gland.  Froquontly  die  vas<ular 
reilex  is  seen  on  Ixith  hides  of  the  body.  The  stimulaliua  of  the  niurous 
menjbraoe  on  one  side  of  the  nose  may  c^use  vascidar  dilatation  in  the  whole 
head;  the  effect  in  this  cane  is  usually  more  markeil  on  {he  side  stimulated. 
The  vessels  of  (juo  haiwl  contraet  when  the  olher  hand  is  put  in  (xtld  water. 
Sometimes  distant  and  appureutty  unrelated  part£  are  affected.  Vul|>ian 
noticed  that  the  stimulation  of  the  central  end  of  ttie  sciatic  caused  the  vessela 
of  the  tongue  tit  contract.^ 

The  vascular  changes  produced  reflexly  in  the  uplauchnic  area  are  of 
•especial  importance  l>ecause  of  the  great  numlx^r  of  vessels  innervated  (hr<tugh 
these  nerves  and  the  great  changes  in  the  blootl-prcssure  that  can  follow  dilata- 
tion or  coutitrJetiun  on  so  large  a  scale. 

There  is  in  some  <legree  an  inverse  relation  bchceen  the  vessels  of  Ike  skin 
<tntl  tJet'jur  parts  on  reflex  stimulation  of  the  vaso-motor  centimes.  The  super- 
ficiul  vessels  are  often  ciilnted  while  those  of  deeper  parts  are  constricted.' 
Thus  the  stimulation  of  the  central  end  of  the  sciatic  nerve  may  cause  a  dilata- 
tion of  the  vessels  of  the  lips,  hand  in  hand  with  a  rise  in  general  blood-pres- 
sure.* Ex|K>sing  a  loop  of  inrcHtine  dilates  the  intestinal  vessels  in  the  rabbit, 
but  constricts  those  of  the  ciir.  In  a3j)liyxiat  the  superficial  vessels  of  the  ear, 
fa(*e,  an<l  extremities  dilate,  while  the  vessels  of  the  intestine,  spleen,  kidneys 
and  uterus  are  constricted. 

Relation  of  Cerebrum  to  Vaso-motor  Centres. — A  rise  of  general  bK>od- 
pressure  has  betni  prodnet^il  Ly  the  stimulatiou  ofdiflereut  regiouNof  the  eortex 
and  of  various  other  parts  of  the  brain  ;  for  example,  the  erura  cerebri  and 
cor|)ora  qnadrigemina.  Vaso-dilatation  has  also  l>een  observed.  The  motor 
area  of  the  cortex  especially  seems  closely  connected  with  the  bulbar  vaso- 
motor centres.  There  is,  however,  no  conclusive  evidence  that  special  vaso- 
nmtur  centres  exist  in  the  brain  aside  tVoni  the  bulbar  centres  abvady  described. 
At  present  the  safer  view  is  that  tlie  elianges  in  blooil-pressure  called  forth  by 
tlio  stinmlalion  of  various  parts  of  tfie  l)i*ain  are  reflex  actions^  ihe  atfereut  im- 
pulse starting  in  liie  brain  as  it  might  in  any  other  tissue  periphei*al  to  tlie 
vaso-motor  centres. 

FiresBor  and  Depressor  Fibres. — The  stimulation  of  the  same  afferent 
nerve  sometimes  emises  reflex  dilation  of  the  vessels  of  a  jmrt,  instead  of  the 
more  usual  reflex  constriction.  Two  explanations  of  this  fact  have  beeu  sug- 
gested. Tlie  first  assumes  that  the  a»ndition  of  tlie  vaso-motor  centre  varies  in 
such  a  way  that  the  same  stinmli  migiit  prtxluee  contrary  effects,  depending 
ou  the  relation  betwivu  the  time  of  stimulation  aud  the  condition  of  the  centre. 

'  The  itvnerftl  arrangvmeiit  t»f  t)ie  matter  in  this  iwmgraph  is  that  given  by  Tigerstcdt,  Der 
KrtitUtuf,  18V3,  p.  619. 

*  rompore  Serg«^ :  OnlroftfaN  JUr  Hit  ma/iWmmcA^  Wuttctutchafi,  1SU4.  p.  162. 
'Wcrtheiiiifir:  Ofmfite*  rrmhut,  1893,  oxTt.  p.  fi95;  Hftllion  ami  Frntuk:  Arthivesde  J%yw- 

Woyie.  1806.  p.  502;  Ua^UiM  aiid  Hradfonl ;  Journal  </  Ittysiolog^,  \S\t-i,  xri.  p.  17. 

*  laorgin  :  Archiv/Hr  I'kftioloyit,  18H  P-  44B. 
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The  second  at^iinies  the  exiatenoe  of  special  reflex  constrictor  or  "  pressor  ■* 
fibres,  and  reflex  dilator  or  *'  depressor  "  (ibres.  The  existence  of  at  least  one 
<]epressor  nerve  is  iK'Vdrul  c[uesti<)ii,  niinu'ly  ilie  0:ar<liac  depressor  nerve,  wliieh 
it  will  lie  remeniberiid  runs  {nun  the  heart  to  tlie  bulb  and  when  stimulated 
caul's  a  dilatation  of  the  splanchnic  and  other  vessels  reflexly  through  tlie 
bulbar  vaso-niotor  centre.  Evidence  of  otlicr  reflex  vaso-dilatnr  uorvt-s  and  of 
reflex  vuso-coustrictor  fibres  as  well  1ms  been  offered  by  I^tsclienl>erper  and 
Deahna^  Howell,^  and  others.  Howell,  for  example,  has  found  that  if  a  part  of 
the  .*ciatic  nerve  is  cnxtled  to  near  0°  C.  and  the  oeutml  end  stimulated  periph- 
erally to  this  part,  the  blr>cMl-j»ressure  falls,  instead  of  rising,  as  it  <h)«s  when 
the  nerve  is  stimulated  without  previous  cooling.  Howell's  experiments  have 
been  recently  extended  by  Hunt,  who  finds  that  the  stimulation  of  the  sciatic 
durinij  it^  regeneration  al\er  section  gives  at  firnt  vaso-dilatation  only,  but  when 
regeneration  lia»  progressed  sitill  further,  vaso-ccHistrictioti  in  secured.  These 
results  point  to  the  existence  of  both  pressor  and  depressor  fibres,  the  latter 
l>eing  the  first  to  regenerate  after  section.  A  reflex  lall  in  bliMxl-preft^ure  is 
also  producttl  by  stimulating  various  mixed  niTve?-  with  weak  currcnlii  aud 
by  the  mechanical  stimulation  of  the  nerve-endings  in  muscle.  The  fall  is 
more  readily  nbtaine<l  when  the  animal  is  under  ether,  chloroform,  or  chloral, 
less  readily  under  curare. 

Topography. — We  pass  now  to  the  vaso-motor  nerves  of  various  regions. 

Brnin.^ — The  stutly  of  the  innervation  of  the  intnioranial  ves^«els  is  ren- 
dered exceptionally  diflicult  by  the  fact  that  the  brain  and  its  blood-vessels  are 
placed  in  a  closed  cavity  surrounded  by  walls  of  unyiflding  bone.  The  funda- 
mental difleivnce  created  by  this  arrangement  l)etween  the  vascular  phenomena 
of  the  brain  and  those  of  other  organs  wa.^  recognized  in  part  at  K*ast  by 
tht'  younger  Monro  as  long  ago  as  1783.  Monro  declared  that  the  (luaiitiiy 
of  blotxl  wiihin  the  cranium  is  almost  invariable,  *' for,  being  enclosed  in  a 
case  of  bono,  the  blood  must  be  continually  flowing  out  of  the  veins  that  room 
may  be  given  to  the  blcHHl  which  is  entering  by  the  arteries, — as  the  substance 
of  the  brain,  like  that  of  the  other  solids  of  our  body,  is  nearly  incompress- 
ible.*' Furtfjer  ditfertnees  between  the  circulation  in  the  brain  an<l  in  other 
organs  are  introduced  by  the  presence  of  the  cerebro-spinal  fluEil  in  the  veniri- 
cles  and  in  the  arachnoidal  spaces  at  the  base  of  the  brain.  This  fluid  may  pass 
out  into  the  spinal  iiioal  and  thus  leave  room  for  an  increase  in  the  amount 
of  blood  in  the  cmuium.  Finally,  a  rise  of  pressure  in  the  arteries  too  great 
to  be  com|>ensated  by  the  outflow  of  cerebro-spinal  fluid  may  lead  to  com- 
pression of  the  venous  sinuses  and  a  decidetl  diauge  In  the  relative  distri- 
bution of  the  blood  in  the  arteries,  capillaries  aud  veins— (conditions  which  are 
not  present  in  extracranial  tissues.  It  is  evident,  therefore,  that  the  metlifxls 
employed  in  the  search  for  voso-molor  nerves  within  the  cranium  must  take 

*  Howell,  BudKctt,  and  l^eonard  Jvumal  of  Phynntogy,  1894,  sri.  p.  310 ;  Bayliu :  Ibid^ 
1893,  x'lx.  |).  317  ;  Hradford  and  r>*airi ;  /6iV/..  1894.  xv'i.  p.  67 ;  Hunt :  Ibid.,  189ft,  xTiii.  p.  381. 

'  l.*avauani :  Arrhivat  iuUiennrs  *U  liiolmji*,  lHd3,  xviii.  p.  0-1,  six.  p.  214  ;  Uayliu  and  Hill : 
Jovmat  of  Phytidogy,  1895,  XTiIi  p.  334 ',  Gnlland:  Ibid,,  p.  361. 
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intoaooount  many  sourc^^s  nf  error  that  are  alisent  in  vaso-motor  studies  of 
other  regions.  It  is,  indeed,  pmLable  thnt  ineompleiene.ss  of  metliod  will  go 
far  toward  explaining  the  disajriferneiit  of  authors  us  to  tlie  pn^senee  of  vari*K 
motor  nerves  in  tlie  brain.  According  to  Bayliss  and  Hill,  who  have  recently 
studied  this  subject,  it  is  necessary  to  record  simultaneously  the  artt'rial 
presBUre,  the  general  venous  pressure,  the  intracniiiia]  |ir<»s^ure  and  the  cerebral 
venous  pressure,  the  eruuium  ai*  in  the  normal  coiiditinu  being  kept  a  closed 
cavity.  In  their  experiments,  "a  cannula  was  placed  in  the  central  end  of  the 
carotid  artery.  A  second  long  cniinula  was  [Missed  down  the  external  jugular 
vein,  and  on  the  same  side,  into  the  right  auricle.  The  torcular  Herophlli  was 
trephined,  and  a  third  cannula,  this  time  of  brass,  was  screwed  Into  the  hole 
thus  made."  The  inti*arranijd  pressure  was  recor<le<l  by  a  cannula  connected 
through  Huother  tr(^[»hine-hn]e  witli  the  ^ulKlul•al  tfpatse. 

Bayliss  and  Hill  could  find  m*  evi<ience  of  the  existence  of  cerebral  vaso- 
motor nerves.  The  cerebral  circuiation,  according  to  them,  passively  follows 
the  rfianges  in  the  genrnil  iirterial  and  vunous  prt^sun-.  Guilnnd  ha*^  examined 
the  cerebml  vessels  by  tlie  Golgi,  Elirlidi,  and  other  ujethods,  to  determine 
whether  nerve-fibres  c(.iuld  be  denionstmted  in  them.  None  were  fotnid.  It 
is  probable  that  the  blood-supply  to  the  brain  is  regulated  through  the  buU)ar 
vaso-constrictor  centre.  Aiiieniia  or  a^pliyxia  of  the  brain  stimulates  the  cella 
<»m|>o^ing  this  centre,  va.scuiar  constriction  of  many  ves^ls  follows,  and  more 
blood  enters  the  cranial  cavity.  The  vessels  of  the  sphuuhnic  area  play  a 
chief  part  in  tills  reguhitive  process.*  Their  importani-e  to  the  circulation  in 
the  brain  is  slunvn  by  thf  fata!  effect  of  the  section  of  the  splanchnic  nerves 
in  the  rabbit.  On  pliu-ing  the  anirnal  on  its  fc^t,  so  mnrh  bloml  flows 
into  the  relaxed  aUIoniinal  vessels  that  dialli  may  follow  from  ansemia  of  the 
brain. 

Vamo-motor  Nerven  of  Head, — The  cervical  syinpatlietic  contains  vaso-con- 
strictor  fibres  for  the  corresponding  siile  k%\'  the  (at^-,  the  eye,  car,  salivary 
glands  and  tongtie,  anil  possibly  the  braiu.  The  spinal  vaso-constrictor 
fibres  for  the  vessels  (»f  the  liead  in  the  cat  and  dog  leave  the  eorrl  in  the 
first  five  thoracic  nerves ;  in  the  rabbit,  in  the  second  to  eighth  thoracic,  seven 
in  all. 

Viiso-<lilator  fibres  for  the  face  and  month  have  been  found  in  the  cervical 
flvni|mthctic  bv  Da-tre  and  Mora!,  leaving  the  cord  in  the  second  to  fifth 
dorsal  nerves,  and  uniting  (at  leiist  for  the  most  part)  wiili  the  trigeminus  by 
pawing,  according  to  Morat,  from  the  su|>orior  cervical  sympathetic  ganglion 
to  the  ganglion  of  Oasser.  Other  dilator  fibres  for  the  skin  jiud  nninius 
membrane  of  the  face  and  mouth  ans<?  apjxiixMUly  in  the  trigeminus,  for  the 
stimulation  of  this  nerve  between  the  brain  and  Gasser's  ganglion  ttiuses  dila- 
tation of  the  vessels  of  the  face,*   and  in  the  nerve  of  Wrisberg. 

The  vaso-ujotor  nerves  »)f  the  tongue  Iiave  been  recently  studied  by  Isergin.' 

'  Wertiieimer:  ArtkivtA  He  Pht/siolwpt,  1893.  p,  297. 

'I»nngtt«y:  PhiloHuphiati  Tnuundionx,  WJ'l^  \t.  \<H  ;  Piolrowaky:  Ct-ntrniblnU  fur  Phyniologit. 
1B92,  vi.  |>.  404.  •  Isergin  :  Arthiv  fw  Phywu^ogit,  1994,  p.  441. 
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The  lingual  and  the  gloflsa-phurvngeal  ntrrvis  are  rewtgnizod  by  all  uutliors  as 
ilitutore  of  the  lingual  vessels.  The  sympiithctic  and  the  hy|K)glossus  cootaiu 
constrictor  fibre**  for  the  tongue.  It  is  |X)ssible  that  the  Iiny;ual  contains  also 
a  small  number  of  constrictor  fibres.  Most  if  not  all  liji-sc  vaso-raotor  fibres 
arise  in  the  fiyni|>athetic  and  reach  the  above-mentioned  nerves  by  m'uv  of  the 
superior  cervical  ganglion.  They  degenerate  in  from  three  to  five  weeks  after 
the  extirpation  of  the  ganglion. 

ISIorat  and  Dnyon  cut  the  cervical  sympathetic  in  a  curarizcd  rabbit  and 
examined  the  retinal  arteries  with  the  ophthalmascope.  They  were  found 
dilated.  The  excitation  of  tlie  cervical  sympathetic  causted  constriction,  the 
excitation  of  the  thonw;ic  sympathetic  tiilatati4>n  of  these  vessels.  The  rrtinal 
fibres  leave  the  Byrapathetic  at  the  superior  cervical  ganglion  and  ]>.'i.s.s  along 
the  communitating  rannis  to  tlu'  ganglion  ctf  G:is.s*?r,  whence  they  reach  the 
eye  through  the  ophthalmic  branch  of  the  tiflh  nerve,  the  gray  root  of  the 
opiithalmic  ganglion,  and  the  ciliary  nerves.  Most,  or  all,  of  the  fibres  for 
the  anterior  part  of  the  eye  are  found  in  th**  fifth  nerve. 

Lungs, — The  methmls  ordJnaiily  employed  for  the  demonstration  of  vaso- 
motor nerves  cannot  without  danger  be  used  in  the  study  of  the  innervaticm 


Fig.  4/>.— The  excitAttoD  of  the  central  end  of  the  invulnHl  tininrb  of  the  crural  (sctaucj  nerve  cause* 
«rlie  In  the  aortic  pressure  (Pr  a  /".j.  a  rise  In  the  pressure  tu  the  pulmonar)-  artery  {I*r  A.P.)  of  lo  tu  16 
mm  Hg.  arcotnpanicKl  by  a  biUIng  pruasure  In  the  left  aurfrle  iPr.O.O.)  (Francfc.  lAVn,  p  \H*i.  The  rise 
of  presaun:  in  the  pulmonary  artery,  logelbtir  wllb  the  (kit  in  the  left  auricle,  demotutrftte.  accordinc 
to  Kninck,  a  constrictiun  of  the  putmonarr  vessels. 

of  the  j)iil!nonary  vessels.*  A  fall  in  the  bhwd-pressure  in  the  pnlnionary 
artery,  for  exani]>le,  pnwluced  by  stimulating  auy  uerve  cannot  be  lakeu  as 
final  evidence  that  tlie  stimulation  »tU8ed  the  coustriction  of  the  pulmonary 
veswels.  The  Icsiser  circulation  is  so  connectetl  that  changes  in  the  calibre  of 
the  veasclB  of  a  distant  part,  the  liver  for  example,  may  alter  the  quantity  of 
bhKKl  in  the  huigs.  The  metlxHl  of  Cava/ziiui  avoid!»  these  difliciihii^ 
Cnvaxzani  establishes  an  artificial  circulation  through  one  lobe  of  a  lung  in 

*  Dovou :  Arrhurt  tU  I'hffMtoiotfU',  IRD.1,  p.  101  ;  Ileitriqiies :  SlitnJtnaeurhr*  ArcJtiv  fur  Phyri' 
otwfif,  181>3,  iv.  p.  22V ;  Bradford  and  L*vaii :  Journo/  of  Vk^iotwjif,  1894.  xvi.  p.  M  \  Franck: 
Artkion  de  Phjf»ioUtyie,  1896,  p.  176. 
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a  livin*^  animal,  and  measures  the  outflow  pr  unit  of  time.  An  increase  in* 
the  outflow  means  a  ^lilatation  i>f  the  vessel,  diminution  means  constriction. 
He  finds  that  the  outflow  diminishes  in  the  rabbit  when  the  vagus  is  stimulated 
in  the  neck,  and  increases  when  the  cxjrvical  sympathetic  is  stimulated.  Franck 
measures  the  pressure  sinndtaueoiisly  in  the  puhnoimrv  artery  aut!  left  auricle, 
a  niethtKl  apparently  also  trustworthy.  The  stimulation  of  the  inner  surface 
of  the  aorta  causes  a  rise  of  pressure  in  the  pulmonary  artery  and  a  sirnul- 
taneons  fall  in  the  left  auricle,  indicating^  arcnrdiiig  tn  Franck,  the  vaso-con- 
fctrictor  power  of  tlie  syuiputhelic  nerve  over  the  pulmtinary  vessels.  A  reflex 
constriction  is  also  proiluced  by  the  stimulation  of  the  central  end  of  a  branch 
of  the  .sciatic,  intercostal^  ahdomitral  puenmotrii.'*tn{\  and  ahdoTninal  pyniim- 
thelie.  nerves  (sec  Fig.  45). 

JTeati. — Vaso-motor  fibres  for  the  coronary  arteries  of  the  heart  have  been 
described.' 

Intedliies} — The  mesenteric  vessels  receive  vaso-constrictor  fibres  from  the- 
sympathetic  chiefly  through  the  splanchnic  nerve.  Tlie  vaso-coustriclore  of 
the  jejunum,  as  a  rule,  b<»gin  to  be  found  in  the  rami  of  the  fifth  dorsal  nerves  ; 
a  little  lower  down,  those  for  the  ileum  come  off;  ami  still  lower  down,  those 
for  the  colon  ;  none  arise  l)eiow  the  secjond  lumbar  pair.  According  to  Hal- 
lion  and  Franck,  vaso-dilator  fibres  are  present  in  the  same  sympathetic  nerves 
that  contain  vaso-constrictors.  The  dilator  fibres  are  most  abuiithmt  or  most 
powerful  in  the  rami  of  tlie  last  three  dorsal  and  first  two  lumbar  nerves. 
There  is  some  evidence  of  the  presence  of  vaau-dilator  fibres  in  the  vagus. 
The  excitation  of  the  vaso-constrictor  centres  by  the  blood  in  asphyxia  pro- 
duces constriction  of  the  abdominal  vessels.  The  vaso-dilator  as  well  as  the 
vaso-constrictor  fibres  of  the  splanchnic  probably  end  in  the  solar  and  renal 
plexuses. 

Liver. — Cavazzani  and  Manca*''  have  recently  attempted  to  show  the  pres- 
<'hce  nf  vasii-motor  fibres  in  the  liver.  Their  method  cvmsists  in  passing  warm 
normal  saline  solution  from  a  Mariotte's  flask  at  a  preiwure  of  8  tn  10  milli- 
meters Hg  throuEth  tlie  hepatic  branrhes  of  the  portal  vein  antl  me^isuring 
the  outflow  in  a  unit  of  time  iVom  thf  ascending  vena  cava.  On  stimulating 
the  splanchnic  nerve  they  observed  that  the  outflow  was  usually  diminished- 
though  sometitues  increased,  indictiling  perhaps  that  the  splanchnics  contain 
both  vaso-cx)nstrictor  and  vaso-dilator  fibres  for  the  hepatic  branches  of  the 
portal  vein.  The  vagus  ap|)eared  to  contain  vaso-dilator  fibres.  Further 
.studies  are  necessary,  however,  before  pronouncing  definitely  upon  these 
questions, 

'  Port«r;  liuMloR  Mfdieai  and  fiurffif^  Joumnl,  1896,  cxxxiv.  39  ;  Porter  And  Beypf  :  Amtri- 
tan  JmtnuU  of  Phygioliirfij,  1900,  iii.  p.  xxiv.  ;  MaabS  :  Archir  fur  fiU  ffrmmtiilr  Vhymtlo^ef  1899, 
IxxiT.  p.  3S1. 

'  llallion  and  Franck  :  Arrkwea  da  Physioiogief  1896,  xxviii.  pp.  478, 493  ;  Bunch  :  Journal  of 
Phjffioioifi/,  1899,  xxiv.  p.  72. 

"Cavazxani  and  Manco :  Archive*  tttdiewte^  rfe  Biotogit,  1895,  xxiv.  p.  33;  Fran9oi8-Fnuick 
and  llulliun:  Arehiven  de  PhyguAoyU,  1890,  pp.  908.  923 ;  1B97,  pp.  434,  448. 
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Kidnei/,^ — The  vasa-motor  nerves  of  the  kidney  leiive  the  cord  from  the 
sixth  dorsal  to  the  second  liiml>ar  nervo.  In  the  dog,  nuist  of  the  renal  vaso- 
motor fil>n^  art'  foimd  in  th*'  ('U'VcntJi^twcHth,  ami  tliirlwntli  diirsnl  nrrvi"*. 
The  stimulation  of  the  nerves  entering  the  hiluft  of  the  kidney  between  the 
artery  and  vein  causes  a  marked  and  sudden  renal  contraction,  but  the  organ 
soon  regains  iis  former  volume.  Constriction  follows  also  th*-  stinnilation  of 
tJie  |^>eriphenil  end  of  the  rut  splanchnic  nerve.  Bradford  hu8  deniotistmtcti 
renal  vaso-*li]ator  fibres  for  certain  nerves  by  stimulating  at  the  rate  of  one 
induction  shock  i>cr  second.  For  example,  ihe  excitation  of  the  thirteenth 
dorsal  ner\'e  with  oU  ti*  5  induction  sh<H'ks  per  second  j^ve  always  a  constric- 
tion of  the  kidney,  but  when  a  sin^jle  siimk  i>er  second  was  employed,  the 
kidney  dilated.  If  the  cells  connected  with  the  renal  vaso-niotor  fibres  are 
stimulated  dire*ilv  liv  venous  blood  as  in  asphyxia,  the  animal  IwHng  curarized, 
a  decided  constriction  of  the  kiihiey  results.  The  reflex  excitation  of  these 
cells  is  of  esjx^nal  im[X)rtance.  The  stimulation  of  the  central  end  of  the 
sciatic  or  the  sjilanehnic  nerves  causes  reriid  e<instriction.  The  same  effect  is 
easily  producctl  by  stiinulaling  the  skin,  tor  exaiuplf,  Uy  the  application  of 
cold.  The  stimulation  of  the  sole  of  the  foot  in  a  curarized  dog  caused' 
contraction  of  the  renal  vessels.  There  is  some  evidence  that  the 
splanchnic  vaso-motor  fibres  lor  the  kidney  end  in  the  cells  of  the  renal 
plexus. 

Spleen. — The  stimulation  of  the  iKriplKtal  end  of  the  splanchnic  nerves 
caoiies  a  sudden  and  large  dimLnutii^i]  in  the  volume  of  the  spleen.^  It 
is,  however,  not  aTtain  whether  rlie  const rietion  of  the  spl«H>n  is  to  be 
referre<l  primarily  to  a  tMinstriction  of  its  bltxxl-vessels  or  to  tlie  contraction 
of  the  ijittinsic  muscular  fibn^s  which  j>lay  so  large  a  part  in  the  changes  of 
volume  of  this  organ.  Tito  doubt  is  strengthened  by  the  fact  that  st^ction  of 
the  splanchnic  ner\*e8  ilin.'s  not  alter  the  volume  of  the  spleen  ;  dilatation 
would  be  expected  were  these  nerves  the  |>athway  of  vaso-constrictor  fibres 
for  the  spleen. 

PancreoB. — Franvoi.s-Franck  and  Halliun  find  vaso-constrictor  fibres  iii' 
the  sympatlictic  chain  bet wci'Ji  the  sixth  and  eleventh  ribs;  they  leave  the 
spinal  cord  from  the  filih  dorsal  to  the  second  lumbar  ramus  communicans, 
[»a.**»  into  the  greater  and  lesser  splanchnic  nerves,  and  reach  the  gland  ahmg 
the  pancreatic  artery.  A  few  dilator  fibres  were  found  in  the  sympathetic ; 
more  in  the  the  vagus.* 

External  (Jeturat'ive  Oryaiijs.* — The  recent  history  of  the  vaso-motor  nerves 
of  tlu^  external  gcn4*rative  ot*gans — namely,  those  developc<l  from  the  urogenital 
sinus  and  the  skin  surrounding  the  urogenital  opening — begins  with  F>k- 

^ Wertheimer  .-IrcAuva  di  /'Viy4jWo4/i>,  18U4,  p.  308;  BaylJM  an<l  Bradford:  Journal  (tf 
Ph^tioioyjf,  IK'M,  iri.  p.  17. 

•Schifer  niiil  M^ore:  Journal  <^  Physioloffy,  1896,  xx.  p.  1. 

*Fr»iK'k  and  llallion:  ArcMvrt  \ir.  PkynotutjU,  18%,  pp.  908.  9'1^ 

*  Krani-k  :  Archivr*  de  Ph^ioioffie,  1895,  p.  122 ;  Lntiglcj  nod  Andcivnn :  Journal  of  /%y»»- 
o/oyy,  IS&O,  xix.  p.  70. 
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hard,  who  showed  that  the  stimulation  of  certain  branches  of  the  first  and 
at-CQud,  uud  ot.ra&Ianally  the  thinl,  sucml  utrves  (do^)  causeJ  a  dihilation  of  the 
bIoo<l-vesselfi  of  the  jK'iiis  and  ci'ection  of  that  organ,  and  witli  Goltz,  who 
found  an  erection  centre  in  the  lurnbo-siicral  coixl.  Numerous  i-esearches  in 
recent  years,  among  which  the  reader  is  referred  csjK'ciully  to  the  work  of 
I^ngley  and  Langley  and  Anderson,  liave  shown  that  the  vaso-inotor  nerve^i 
of  the  externa]  geiiei*ative  organs  of  Unli  jsexes  may  l>e  divided  iuto  a  lumbar 
and  a  sacral  gnaip. 

Tlie  iiimhur  Jibn-n  ]>iiss  out  of  the  cord  in  the  anterior  roots  of  the  second, 
third,  iourth,  jtud  fifth  hnnbar  nerves,  and  run  in  the  white  nimi  communi- 
cantes  to  the  sympathetic  chain,  from  whicli  they  reacli  the  periphery  either  by 
way  of  the  pudlc  nerves  or  by  the  pelvic^  jile.xns.  Tiie  greater  nund>er  take 
the  former  cour-se,  running  dtjwn  the  Mympathetie  chain  to  the  sacral  ganglia, 
and  parsing  from  these  ganglia  througli  the  gray  rami  commuiileantes  to  the 
flaeral  iitrves.  None  of  tlie  fibres  thus  derived  enter  the  nervi  erigentes  of 
Eckhanh  Of  the  vai'ious  branches  of  the  pudic  nerves  (rabbit),  the  nervua 
dorsalis  causes  constriction  of  tiie  blood-ves-sels  of  tlie  penis  and  the  {peri- 
neal nerve  contraction  of  the  blooil- vessels  of  the  scrotimi.  The  course  by 
way  of  the  pelvic  plexus  is  taken  by  relatively  few  filnx^.  Thev  run  for 
the  nxust  part  in  the  liypogastne  nerves,  a  few  f^umetime.^  joining  the  plexus 
from  the  lower  lumbar  or  upper  sacral  >iynn>athetic  chain,  or  from  the 
aortic  j)Iexus.  The  presence  of  vaso-dilator  fibres  in  the  lumlyar  group  is 
disputed. 

The  sacral  group  of  nerves  leave  tiie  spinal  cord  in  the  sacral  nerve  roots. 
Their  stimulation  causes  dilatation  of  the  vessels  of  the  j>enfs  and  vulva. 

Infrrntil  (rt'iicrative  Organs  (those  devcU»pe<l  from  tlie  MuHerian  or  the 
Wnlilian  ducts). — Langley  and  Anderson  find  vaso-constrictor  fibres  for  the 
Fallopian  tubes,  uterus,  and  vagina  in  the  ieniale^  and  tlie  vasa  ileferentia  and 
seminal  v<?sieles  in  tht^  mule,  in  the  Heeoud,  third,  I'ourtli,  ami  fifih  lumbar 
nerves.  The  internal  generative  organs  receive  no  afferent,  and  probably  no 
efferent,  fibres  from  the  sacral  nerves. 

The  position  of  the  sym|MU[ietie  ganglion-cells,  the  processes  of  which  carry 
to  their  |>eriphei'al  distrihution  the  efferent  iaipuliies  brought  to  them  by  the 
efferent  vaso-raotor  fibres  of  the  spinal  cord,  may  l)e  determinal  by  the  nicotin 
mHhml  of  Langley.  About  10  milligrams  of  nicotin  injeettxl  into  a  vein  of  a 
Ciit  i)revent  for  a  time,  actNjrding  to  Ijaii^dey,'  any  pasisage  of  nerve-iuipul!>es 
through  a  sympathetic  cell.  Painting  the  ganglion  with  a  brush  dipj>ed  in 
nicotin  solution  has  a  similar  effect.  The  fibres  peripheral  to  (he  cell,  on  tlie 
contrary,  are  not  paralyxeii  by  nicotin.  Now,  after  the  injection  of  nicotin  the 
Btimnlation  of  the  lumljar  nerves  in  the  spinal  canal  has  no  etfect  on  the  vessels 
of  the  generative  organs.  Hence  all  the  vaso-motor  fibi^es  of  the  bmibar 
nci*ves  mu!*t  Im?  connected  with  nerve-cells  somewhere  on  tlieir  eoui-se.  The 
lumbar  fibres  which  run  outward  to  the  inferior  mesenteric  ganglia  are  for  the 
most  part  TOuuected  with  the  cells  of  these  ganglia,  A  lesser  number  is  con- 
*  Langley  and  Andereoo :  Jownai  of  Phynotogy,  1894,  xvi.  p.  420. 
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small  ^.m^im  lying  as  a  rule  near  the  organs  to  which  the  nerves 
•re  dittlribute<L  The  remaining  division  of  lumliar  fibres  running  downward 
in  the  symjwitlietic  flmin,  and  int^hidliifr  the  niajority  of  the  nerve-Hbres  to  the 
external  ^nerative  organs  are  connected  with  nerve-cells  in  the  saenil  gan- 
glia of  the  sympathetic. 

The  saend  group  of  nerves  enter  ganglion-i-ells  scattered  on  tlieir  course, 
raoet  of  the  nerve-oells  for  any  one  organ  being  in  ganglia  n(»ar  that  organ. 

BiadtLr. — Neither  hunlMir  nor  Kieral  nerves  send  vaso-motor  fibns  to  the 
TWOcls  of  the  bladder. 

Porinl  Sj/Mem. — It  lias  already  U*en  said  timt  vaso-t«nstrirtor  fibres  for  the 
portal  vein  were  discovered  by  Mall  in  the  splanchnic  nerve.  Constrictor  fibres 
have  been  found  by  Bayliss  and  Starling  *  in  the  nerve-roots  from  the  third  to 
the  eleventh  dorsal  inclusive.  Most  of  rlie  constrictor  nerves  pass  out  from 
the  filUi  to  the  ninth  dorsal. 

Back, — The  dorsal  branches  of  the  lumbar  and  intercostal  arteries,  issuing 
frum  the  dorsal  muscles  to  .supply  the  skin  of  the  back,'  can  be  seen  to  con- 
tract when  the  gray  ramus  of  the  corresjMHidiiiir  sym]>nthetic  ganglia  are 
stira(date<i. 

Limbfi} — The  va-^^o-motor  nerves  of  the  limbs  in  the  dog  leave  the  spinal 
con!  fnmi  the  second  dorsjd  to  th**  third  lumbar  nerves.  The  area  for  the  hind 
limb,  aei^>nling  to  BaylisvS  and  BtM<lford,  is  leiss  extensive  than  that  fur  iho 
fore  limb,  the  former  receiving  constrictor  fibres  from  nine  roots,  namely  the 
ihir^l  to  the  elevt'iiih  duj-siil,  the  hitter  from  six  rf>ots,  the  eleventh  doi^sal  to 
thiirl  lumbar.  LangU^y  finds  that  the  synifwitlieMc  constrictor  and  dilator 
fibres  for  the  fore  foot  arc  connected  with  nerve-cells  In  the  ganglion  slella- 
tum  ;  while  those  for  the  hind  foot  are  connected  with  nerve-cells  in  the  sixth 
and  seventh  lumbar,  and  the  firsthand  possibly  the  second,  sacral  ganglia. 

Thompson  antl  Rancrc»ft  have  studied  the  nerves  to  the  superficial  veins 
of  the  hind  limb,  Tlic  latter  fiiids  that  in  general  the  arrangement  of  the 
vaso-motor  nerves  corn-sjKinds  to  that  of  the  arterial  vaso-moior  nerves  and 
the  sweat  fibres.  The  fibres  t*i  the  superficial  veins  originate  fnmi  the  lower 
end  (first  to  fourtti  hmdmr  nerves)  of  the  region  of  the  spinal  coitl  supplying 
all  the  vaiio-mot^ir  nerves  for  tin-  hind  limbs, 

Taii^ — Stinnjlation  (if  juiv  part  ol'  the  svmpathetic  from  alxmt  the  thinl 
lumbar  ganglion  downward  almost  eimiplctely  sto[)s  the  flow  of  bl(MHl  from 
wounds  in  the  tail.  Tin*  v:]Si>-nH>tor  fibres  fitr  the  tail  leave  the  cord  cliieflv 
in  the  thin!  and  fourth  lutalKir  nerves.  Their  stimulation  may  eause  primary 
dilatation  followe*!  bv  cttnstrietion. 

J/aac/«t. — According  to  Gaskell,  the  section  of  the  nerve  belonging  to 

'  BarliBB  nntl  Starlinf^:  Journal  of  f'kt/itwtntjif,  18&4,  xvii.  p.  125. 

'XjADglev  :  Jounuii  Iff  /'Ayj<in/«^,  lsy^.  ivii.  p.  IIH. 

■Thom|»on:  ATchir  fUr  Phifnuttftffir,  1893.  p.  104;  Wcriheimer:  Arfhiv«»  tie  PHyiiologie^ 
18^4,  p.  724  ;  Ilnmntft  .  IwciVum  JnHuuii  of  Pfujtitiivyy,  \S\M*.,  i,  p  477  ;  Biiyliw  juid  Rnulfonl : 
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any  partit'ular  niust^le  or  gi'imp  of  muscles  oiuiieft  a  tcmjwrary  increase  in  the 
amount  uf  blood  which  flows  from  the  muscle  veiu.  The  stimulation  of  the 
j)eripheral  end  of  the  nerve  als«)  increases  tlie  rate  of  flow  through  the  muscle. 
The  same  increase  is  seen  on  stimulatioif  of  the  nerve  when  the  muscle  is  kept 
from  rontnicting  by  curare,  pravidcd  the  dnij;  is  not  nsi'd  in  ann units  sufficient 
to  paralyze  the  vaso-tlilator  nerves.  Mwhaiiical  Htimtilatiim  by  crimping  tlie 
penpheral  end  of  the  nerve  gives  also  an  increase.  The  existence  of  vaao- 
dilaror  nerves  to  mu*(?les  must  thei-efore  l>o  conc<:'de<I.  The  pi-csenoe  of  vaso-con- 
strictor  tibrei  is  shown  by  the  diuiinutiou  iu  outflow  from  the  left  femoral  vein 
which  foUoweil  Gaskell's  stimulation  of  the  j^ripheral  end  of  the  abdominal 
sympatlietic  iu  a  thorouj^hly  ciirarized  dog,  but  the  supply  of  constrictor  fibi^es 
iscomjjjii'atively  sruall.  In  <njrari?,tHl  animals  reflex  tlilatationaj)jHirfntly  follows 
the  stimuialiou  of  the  nerves  the  excitation  of  which  would  have  causeti  tlie 
contraction  of  the  muscles  observed,  had  not  the  occurrence  of  actual  conti-ac- 
tion  lieen  prevented  by  the  cunuv.  The  sti]uidMti))n  of  the  central  end  of 
nerves  not  nijmble  of  calling  forth  reflex  contractioiw  in  the  muscles  olx-served 
— for  example,  the  vagus — w^eras  to  cause  constriction  of  the  muscle-vessels. 


IV.  SECRETION 


A.  General  Considerations. 


The  term  secretion  is  meant  onlinarily  to  apply  to  tlu*  Jiqiiid  or  semi- 
liquid  products  formed  by  glandular  organs.  On  tareful  (<onsideratiou 
it  bect)nies  evident  that  the  term  gland  itself  is  \vi<lely  applied  to  a  variety 
of  siniftures  differing  greatly  in  their  anatomicnl  organization — so  mueh  so, 
in  fact,  that  a  general  dciiiiitioa  of  the  term  covering  all  cases  becomes 
very  indefinite,  and  as  a  consequence  the  conception  of  what  is  meant  by  a 
secretion  becomes  correspondingly  extended. 

Considered  frfini  tlie  m^ist  genend  stand|>oint  we  might  define  a  gland 
as  a  structure  ctnnjMjsed  of  one  or  more  gland-cells,  ej»ithelial  in  cliaracter, 
which  lornisi  a  pnxlnct,  the  secretion^  that  is  discharged  either  u|K)n  a 
free  epithelial  .snri'ace  such  as  the  skin  or  mucous  membrane,  or  upon  the 
closed  epithelial  surface  of  the  blood-  aud  lymph-cavities.  In  the  former  case 
— that  is.  when  the  secretion  appears  upon  a  free  epithelial  surface  e<)mniuni- 
catiug  with  tlie  exterior,  the  product  forms  what  is  onlitiarily  known  as  a 
secretion;  for  the  sake  of  oontrast  it  might  be  calknl  an  external  secretion, 
In  the  latter  ease  the  secretion  acconling  to  nuKlern  nomenclature  is  designate*! 
as  an  internal  secretion.  The  l>est-known  organs  lurnisliing  internal  secretions 
are  the  liver,  the  thyroid,  and  the  pancreas.  It  remains  possible,  however, 
that  any  organ,  evtm  those  not  possessing  an  epithelial  stnutuiv,  such  as 
the  muscles,  may  give  otf  substances  to  the  blwHl  comparable  to  the  internal 
Mcretions— a  possibility  that  indicates  how  indefinite  the  distinction  between 
the  processes  of  secret!*!!!  and  of  general  celI-nietal>olisiii  may  l)ecome  if  the 
analysis  is  carried  suthciently  far.  If  we  ctmsider  only  the  external  secretions 
definition  and  generalization  heconie  nitich  easier,  for  in  these  cases  the  secret- 
ing surface  is  always  aB  epithelial  structure  whicli,  when  it  possesses  a  oertaio 

oi^nization,  i»  dcsiL'^nated  as     ^ ^         ^^_ ^_,..^_ 

a  gland.  Tho  ty[>.- U[Mm  which    rTTTnjVT^^ 

these  secretiugsurfiuvsareron-    ""^^^^^^^^^3^^^/^^^^^^^^^^^^ 

stnicttnl  isiHustratHl  in  Figun^  ^^^^  ^ 

^n        rr>i  ■   .         ,>  Fto.  46L-^Pl«n  of  ft  MeiwdnK  nwmbmne. 

46.   *  Ihe  ty|>e  consists  ol  an 

epithelium  placi'd  u|>on  a  basement  membrane,  while  u|ion  the  other  side  of 
the  membrane  are  blood-capillaries  anrl  lymph-spaoes.  The  secretion  is 
derived  ultimately  from  the  hJood  and  is  discharged  upon  the  free  epithelial 
snrfaoe,  which  is  supposed  to  coninuniicate  with  the  exterior.  The  mucous 
membrane  of  the  alimentary  canal  from  stomach  to  rectum  may  be  considered, 
*  2U 
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if  we  neglect  the  existence  of  the  villi  and  cr^'pts,  as  representing  a  secreting 
surface  constructed  on  this  type.     If  we  suppose  such  a  membrane  to  become 


Tif'.  17  —Tu  iKuHtrat«  tUe  •implesl  furm  of  u  tubular  anil  a  raceuiose  oraoloouB  gland. 

invagiimteil  to  form  a  tube  or  a  sac  possessing  a  defiijite  lumen  (see  Fig.  47), 
we  have  then  what  may  be  dejiignateti  technically  as  u  gland. 

It  is  obvious  that  in  this  aise  the  gland  may  be  a  simple  pouch,  tubular  or 
saccular  in  shape  (Fig.  48),  or  it  may  attain  a  varj'ing  degree  of  complexity  by 
the  elongation  of  the  invoUited  jK»riion  and  the  develoi>mcnt  of  side  l»ranchefi 


Fn..  W.-siiupl".-  iilvuijlar  glittid  of  Ihe 
amphlbiitn  sklu  (aflvr  Flummini;). 


Fio.  49.— Srhematic  rfi»r*-M-ii!«tlon  nf  a  1ol>c  of  a 
compouml  tuliular  gJaad  (al^er  Flcmuiiai:). 


(Fig.  49).  The  more  complex  structni'cs  of  this  character  are  known  sometimes 
as  comjMinnd  glands,  and  arc  further  descrilxnl  tu^  tubular,  ur  rai^etnose  (saccular), 
or  tulmlo-ra<"enn3se,  accijnlitig  as  the  tc^rmitiationa  of  the  invaginations  are 
tubular,  or  saccular,  or  intcnnediatc  in  shape.'  Ah  a  matter  of  fact  we  iiud 
the  greatest  variety  in  the  structure  of  the  glands  imbedded!  in  tlie  cutjineuus 
and  mucous  surfaces,  :i  variety  exii'tiiliug  fnmi  the  siniplcrst  form  of  crypls  or 
tubes  to  very  coniplieattil  org-ans  possessing  an  aiiatotnical  iude|)cudence  and 
definite  vascular  an<l  uerve-suppliea  as  in  tlie  case  of  the  salivary  glaudfi 
or  the  kiilncv.  In  coiupoinid  trIandsJt  is  gcnernlly  a.ssunie<l  tliat  the  terminal 
jM>rtii)ns  of  the  tuU-s  alone  tbnu  the  S(.'cretions,  au<l  these  are  designated  as  the 
(he  aeini  or  alveoli,  while  the  tubes  connecting  the  alveoli  with  the  exterior  are 
known  as  the  ducts,  and  it  is  supposed  that  their  lining  epithelium  is  devoid 
of  secretory  activity. 

The  seci*etions  iljrmed  by  these  glands  are  as  varied  in  composition  as  the 
glands  are  in  structure.     If  we  neglect,  the  case  of  the  so-called  reproductive 

'  Flemming  lins  «illc<l  ailcnlion  to  the  fnrl  thnt  nuist  u(  tlie  so-oalletl  CYvm|iniinil  mcemose 
glnndn,  salivary  glamls,  iiaitca*n»,  etc.,  do  not  CMiutain  leniiinnl  sacs  or  ndtit  at  the  enrfs  of  ihe 
aysteni  of  (luct«:  on  tlie  contrary,  ilie  tinnt  t^^rreiing  p^rtioiu  are  cylindrical  tuben,  and  »ach 
glands  :Lre  better  designated  U8  cutu|>uund  ttibular  glands. 
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glands,  the  ovarr  aud  testis,  whose  right  to  the  tlesi^natiou  of  jrlauds  is  doubt- 
ful, we  may  say  that  the  sct^retions  lu  the  tuatuinallun  IkhIv  are  liquid  or  senii- 
lif|tiid  in  clmructiT  ami  arc  (.H>rijpufHsl  4jf  water,  iuorpiuir  suits,  aiiti  various 
organic  fom|w>ui»iJs.  Wirh  rt'gani  to  the  hist -mentioned  constituent  the  wcix^ 
tionH  differ  K^cHtly-  1"  .some  oases  tlie  organic  substances  present  are  not  found  in 
the  blood,  luul  fiirthcriiiore  they  may  be  specific  to  a  particular  secretion,  so  that 
we  must  !?upi>Oj;e  that  these  constituents  at  least  arc  produced  iu  the  f^land 
itself.  In  other  cases  the  orji:anic  elements  may  be  i)resent  in  the  blwKJ,  and 
are  merely  eliniiiiulcil  fnun  it  by  the  irlnud,  iis  in  the  case  oftlu'  urea  found  in 
the  urine.  Juhauue>  Miiller  lung  ago  made  this  diMinction,  and  spoke  of  soci-e- 
lions  of  the  latter  kind  as  excreliiHis,  a  term  wJiieb  we  still  u-w?  and  which  «»r- 
ries  to  our  minds  also  the  implkiition  that  the  substaua^s  so  named  are  waste 
products  whose  retention  would  Ik.*  injurinus  to  the  ecfjnomy.  Excretion  as 
al)ove  defined  is  n(»t  a  term,  however,  tiiat  Jis  caj>able  of  exact  application  to 
any  80<rrption  as  a  whole.  I 'rine,  (or  example,  contains  some  coustituent.s  that 
an?  probably  formed  within  the  ki<lney  itself,  *•,  g.,  bippiiric  acid  ;  while,  (fu 
the  other  b:ind,  in  niowt  ?;ecretitms  the  water  and  inorg:iuic  salts  are  derived 
directly  from  the  bloo^i  or  lymph.  So,  too,  some  secretions — for  example,  the 
bile — i-urrv'  oil'  waste  pnMlncts  that  may  be  rcgartled  as  more  excretions,  and 
at  the  same  time  contain  eonstitiicnts  [the  bile  salts)  tliat  are  of  imtneiliatc 
value  to  the  whole  organism.  Kxcretion  is  therefore  a  name  that  we  may 
piv  convenientlv  to  the  process  of  removal  of  waste  ]»rrMluets  from  the  ImmIv, 
or  to  paVticuhir  coustitueuis  \%^  certain  .secretions,  but  no  fniidaiuenLal  di>tiiic- 
tion  can  l)e  maije  between  the  method  of  their  eliminatitui  and  that  of  the 
formation  of  secrete<l  pnxlucis  iu  general.  Owing  to  the  diversity  in  com- 
position of  the  various  external  secretions  and  the  obvious  diffcreuoe  in  the 
extent  to  which  ttie  gluniluhir  epitlieliuin  piirticiputes  in  the  process  in  different 
glands,  a  general  theory  of  secretion  cannot  be  formulairtl.  The  kinds  of 
activity  seem  to  Ix*  as  varie<l  as  is  the  melaUili-^m  of  (he  tissues  in  general. 

It  was  formerly  lR^iieve<l  that  the  formation  of  the  secretions  was  4le- 
pendent  mainly  if  not  entirely  ujion  the  phN>ii;il  proei'sses  of  filtration, 
o.snioHi.NL,  and  ditf'nsion.  Thv  basement  membtime  with  its  lining  e[iitlteliuru 
w;is  supixjsetl  to  constitute  a  membntue  thntngh  which  various  products  of  the 
blood  or  lymph  ])asseil  by  filtration  and  diffusion,  and  the  variation  in  (X)ra- 
piHition  of  the  secretions  was  referrecl  to  differences  in  structure  and  chemical 
prop<Tties  of  the  dialyzing  membmne.  The  significmn  point  alxnit  this  view 
is  that  the  e[>ithelial  <vlls  were  su]>posed  to  play  a  jwssive  i»art  in  the  process; 
the  metabolic  processes  within  the  eytopla*»m  of  the  cells  were  not  Ijelieved  to 
affect  the  comjmsititm  of  the  secreted  pnnluct.  As  compsin*d  with  this  view 
the  striking  peculiarity  of  modern  ideas  of  secretion  is,  perha|>s,  the  im|j(»rt- 
anoe  attributed  to  the  living  structure  and  pro|»erties  of  the  epithelial  cells. 
It  is  believetl  genei'ally  now  that  the  glandular  epithelium  takes  a  direct  f>art 
in  the  production  of  some  at  least  of  the  constituentt-  of  the  secretions.  The 
reasons  for  this  view  will  be  brought  out  in  detail  further  on  in  «lescribing  the 
secreting  processes  of  the  separate  glands.     Some  of  the  general  facts,  how- 
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ever,  which  iuflueuced  physiologists  in  *^cmiing  to  this  couolution  are  as 
follows : 

Microscopic  examination  has  ilenionstratwl  clearly  that  in  many  cases  parte 
of  the  epithWial  rell-substJUK.'e  can  be  followed  into  tlie  secr'-tlou.  In  tlie 
sebaceous  secretion  the  cells  weetn  to  break  ilowu  oinnj)letely  to  furai  the  mate- 
rial of  the  seci-etioii ;  in  the  formation  4>f  nmcns  bv  the  sfoblct  cell^i  of  the 
mucous  membrane  of  tlie  stomach  and  intestines  a  portion  of  the  cytoplasm 
after  untlcrgoiug  a  nuicoid  degeneration  is  extruded  iKxlily  from  the  cell  to 
form  the  i?ecretion  ;  in  the  muiiiiiian'  glands  a  jxa'tiou  of  the  subntant^*  of  the 
epithelial  cells  is  likewiije  Imtken  off  and  tlisinlegnite<l  in  the  act  of  secretion, 
while  in  other  glands  the  material  of  the  secretion  is  deposited  within  the  cell 
in  tlie  form  of  visible  granule.-;  which  during  the  act  of  sccretitm  nuiy  be 
observetl  to  di^apjiear,  appareutly  by  dissolution  in  the  stream  of  water  pas-^iug 
through  the  cell  Facts  like  these  slu>w  that  some  at  least  of  the  products  of 
secTction  arlsu  from  ihe  substance*  of  the  gland-oells,  and  mav  l>e  considereHl  as 
representing  the  i-csults  of  a  metabolism  wilhiu  (he  cell-substance.  From 
this  staii<l|ioint,  therefore,  we  may  explain  the  variations  in  the  organic 
ecjnstituents  of  the  secretions  by  referring  them  to  the  different  kinds  of 
tuetalKdisni  uxi^ting  in  the  different  gland-cells.  The  exislenee  of  distinct 
secretory  nerves  to  many  of  ll)e  glands  is  also  a  fact  iavoriug  the  view^  i>f 
an  active  participation  of  the  gland-ctlls  in  the  formation  of  the  secretion. 
The  first  discovery  of  this  class  of  nerve-(ibiTs  we  owe  t(»  Ludwig,  who  (iu 
ISol)  shouc^l  that  stimulation  of  tlie*'liorda  tympaiii  nerve  causes  wsti-xjiig 
secretion  from  the  submaxillary  gland.  Later  iuvestlgiitious  have  demon- 
stratdl  the  existence  of  similar  nerve-fibres  to  many  other  glands — for 
example,  the  lachrymal  glands,  t!ie  .sweat-glands,  the  gastric  glands,  the 
pancnnts.  Recent  mioroscupic  work  indic-ates  that  the  ficcrctory  fibres  end  Jn 
a  fine  plexus  between  and  amuntl  the  epithelial  cells*  and  we  nmy  inler  from 
this  that  (he  action  of  iho  nervc-inipulses  conthictctl  l»y  tlu'S(^  fibres  is  exerted 
directly  upon  the  ghind-cells. 

The  formation  of  the  water  and  inorganic  salts  present  in  the  various 
secretions  offers  n  problem  the  general  nature  of  which  may  be  refcrre<i  t<t 
appntpriaU:^]y  in  thisccinuectioii^althongh  detailed  statements  ujust  be  reserved 
until  the  several  secretions  are  specially  described.  The  problem  jnv(4ves, 
indeed,  not  onlv  the  well-reeognizer]  secretions,  but  also  iIh^  lymph  itsflf  as 
well  as  tiie  various  normal  and  patlmlogical  exudntiijus.  Fc^^Iue^ly  the  i^ccur- 
rence  of  these  substances  was  explained  by  tlie  action  of  tlie  physical  processes 
of  filtnitirtn.fliflTnsion,  and  osmosis  thrniigh  merubram-s.  With  the  bkxxl  under 
a  considera)>le  pressure  and  with  a  certain  fotieentnition  in  salts  on  one  side 
of  the  basement  membrancj  and  on  the  other  a  li([uid  under  low  pressure  and 
ditferinf:  in  elipniieal  eomjMjsition,  it  wouhl  seem  inevitable  that  water  should 
filter  through  the  niembi*ane  and  that  processes  of  osmosis  an<l  difl'usittn  shmdil 
l>e  set  up,  further  changing  the  nature  of  the  sci'n'tion.  I'pon  tins  tlie<try  the 
water  and  salts  in  all  secretions  were  reganled  mei*ely  as  trausudatory  pnxl- 
ucts,  and  so  far  as  they  were  concerned  the  ej>ith(  liuni  was  supposed  to  act 
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eimply  as  a  pastiive  membrane.  This  theon'  has  not  proved  entirely  arreptablo 
for  various  reaimiis.  It  has  l>oen  shown  tliat  living  membranes  ufler  considcr- 
,able  resistance  to  iiltratioii  oven  wlicn  the  iiqiiiil  pressure  on  one  side  is  much 
ffreator  than  on  the  tither.  Tigerhtedt'  and  SuntvHseii,  for  instance,  found 
that  a  lung  taken  from  a  frog  just  kille<l  gave  no  filtrate  when  its  cavity  waa 
<listende<l  by  li<inid  under  :i  pressure  of  18  to  20  centimeters,  provide*]  the 
liqiiid  used  was  one  timt  did  not  injure  the  tissue.  If,  however,  the  lung- 
tissue  was  killed  by  heat  or  otherwise,  tilti*ation  oecurriHl  readily  under  the 
sune  pressure.  In  .some  ^dands,  also*  the  formaUini  of  the  water  iuid  saltfl, 
as  Imis  l>een  said,  is  obviously  imder  the  contn*!  ol'  nerve- lib  res,  and  this  fact 
is  difficult  to  reconcih'  with  the  idea  llmt  the  epithelial  cells  are  merely  pas- 
sive tiltt^rs.  In  gliinds  like  the  kidney,  and  in  other  glands  us  well,  it  liOA 
not,  as  vet,  been  shown  coriehisively  that  the  amoinit  ol'  water  and  salts 
increases  iu  pn»porli<tu  to  the  rise  of  bloo4l-j>ressure  wiihin  the  capillaries,  as 
efaould  happen  if  tiltratiou  were  the  sole  agetit  at  work  ;  and  fnrtluTmure, 
certain  chemi<';d  siilistiinees  \v]i<*n  injeetvd  int*)  the  bhio<l  may  iucn»ase  the 
flow  of  urine  to  an  extent  that  it  is  ditlicult  to  i.*xplain  by  the  use  of  the 
filtration  and  diffusion  theor}'  alone. 

Whih',  therefore,  it  ennnot  \w  denk'd  that  tlu'  anatomie:d  conditions  pre- 
vailing; in  the  glands  are  favorable  to  the  |inMM>ses  of  tittratifm  nnd  osmosis, 
and  while  we  are  justifietl  in  assuming  that  these  prcKressi*  do  aotnallv  occur 
and  serve  to  account  in  part  for  the  :ip|M'iir:mce  of  the  water  and  inorgiuiic 
salts,  it  seems  to  be  eU'ur  that  in  tlu?  present  comlitiou  of  our  knowledge 
theories  baswl  on  these  factr>rs  alone  do  not  suttice  to  explnin  nil  the  phe- 
nomena connectcil  with  the  secretion  of  water  and  salt.*.  Until  the  contrary  is 
definitively  proved  we  may  supjwwe  thiit  the  epithelial  cells  are  activelv  con- 
cerueil  in  the  process.  The  way  in  whi<*h  they  act  in  not  known  ;  various 
hypotheses  have  been  advanced,  but  nrme  of  them  muets  all  the  facts  to 
be  explaine<l,  and  at  present  it  is  customary  to  refer  the  matter  to  the  vital 
properties  of  the  cells — that  is,  to  the  peculiar  physir-ijl  or  cheuucal  pro()erties 
connected  with  their  living  structure. 

We  may  now  |>ass  to  a  consideration  of  the  facts  known  with  n^ganl  to  the 
physiolfigy  of  the  different  glands  considered  merely  as  secretorv  organs. 
The  functional  value  of  the  secn-tions  will  Ix;  found  descril)ed  in  the  sections 
ou  Digestion  and  Nutrition. 


B.  Mucous  AND  Albuminous  (Serous)  Types  of  Glands ;  Sauvaby 

Glands. 

Kuooue  and  AlbuminouiB  Qlands. — lleidenhain  rMY>gnixed  two  types 
of  glands,  the  uuieous  and  the  albiuninous,  liasing  his  distinction  n|H>n  the 
character  of  the  secretion  ami  x\\\on  the  histological  apiK-aranco  of  the  »<?creting 
c<*lls.  The  clussiliciition  as  originally  made  was  apptic<l  (tnly  to  the  salivary 
glands  and  to  similar  glands  found  in  the  nmcous  membnnies  of  the  mouth 

'  MiitKfil.  rtmi  jthjfKiot.  Ixtb.  ties  fhroi.  med.-ckir,  InMilnU  in  Stitrkhttim.  \^H'>. 
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aiul  (Tsophagus,  tho  air-passugo-s,  (conjunctiva,  etc.  Tlie  chemical  difference 
in  the  secretions  of  tlie  two  ty|>e.s  coiihists  in  the  fact  thai  llio  secretion  of  the 
albuminous  (or  serous)  ghinds  is  thiu  and  waterv,  containing  in  addition  to 
possible  enzymes  only  water,  inorganic  salts,  and  ijmull  quantities  of  albumin  ; 
wliile  tiiat  of  the  mucous  ghuids  is  stringy  and  viscid  owing  to  the  prcsoinv 
of  mucin.  As  examples  of  the  albumimm.s  glands  we  have  (fic  pannid  in 
man  and  the  maniniulia  generally,  the  subnmxiUjiry  iu  some  animals  (rabbit), 
some  of  tlic  gliiuils  of  tlic  nuK-ous  mrrnlniirK'  ot'  (lie  iiioutli  and  iuisal  c:ivities» 
aud  the  lucliryiiKd  glands.  As  examples  4if  the  miuxius  ghmtls,  the  submaxil- 
lary in  mad  and  most  mammals,  the  sublingual,  the  orbital,  and  some  of  the 
glands  of  the  mucous  membntne  of  the  m<nitii-cHvity,  cesopliugus,  and  air- 
iwissagcs.  The  histoh)gicid  ajtpcaraiiLV  of  the  sei-retorv  cells  in  the  albuminotis 
glands  is  in  tyjiical  ca-sejs  niarkt^lly  dillcrcnt  from  that  of  tlie  cells  iu  the 
niueous  glands.  Iu  ttie  albuminous  ghiu<ls  the  cells  are  small  and  densely 
filled  witli  granular  inateriid,  so  that  the  <'ell  outlines,  in  prepanxtions  from  the 
frysh  gland,  i'auni>t  be  disliuguishcd  (see  Figs.  58  inid  ''>5),  In  the  mucous 
glands,  on  the  contrary,  the  cells  are  larger  aud  much  clearer  (see  Fig.  56). 
In  microsc<jpic  prepariitions  of  the  fresh  gland  the  cells,  to  use  Tjangley's 
expres.sion,  present  tin*  npficuraticf  of  grnniid  glass,  and  grauoles  ure  only 
indistiuetly  seen.  Treatment  wiih  proper  reagents  brings  out  the  granules, 
wiru-h  arc,  however,  larger  and  less  dt-usi'ly  |)ackc<l  than  in  the  albuminous 
ghinds,  and  are  imL»eddc<l  iu  a  clcju"  honiogHucfius  substance.  Histologit^al 
examination  shows,  murtM>ver,  that  in  some  glands,  t\  g,  the  submaxillary 
gland,  cells  of  both  types  oirur.  Such  a  glaixl  is  usually  sp<;)keu  of  as  a 
mucous  gland,  «ince  it.s  secretion  contairjs  mucin,  Init  histologically  it  is  a 
mixcil  gland.  The  terms  mucous  and  albntninous  or  serous,  as  applic<l  to  i!ie 
entire  gland,  are  uot  iu  fact  perfectly  satisfactory,  since  not  only  do  the  mucous 
glaufls  usually  contain  sonie  sccret<»ry  cells  i>f  the  albuminous  type,  but  albn- 
miuons  glands,  such  as  the  parotid,  may  also  contain  cells  belonging  to  the 
nuieons  tvjx!.  The  distinction  is  more  satisfactory  when  it  is  ap[»lied  to  the 
iniliviilnal  odls,  since  the  formation  erf  mucin  within  a  sccjfting  (-ell  seems  ti» 
present  a  detinite  histological  [licture,  aud  wc  <^ui  i*cc(tgnizc  niirrost^opically  a 
mucous  cell  from  an  albuminous  cell  although  the  two  may  occur  together  in 
a  single  alveolus. 

Goblet  Cells, — The  goblet  cells  fcmud  in  the  epithelium  of  the  intc-.tiue 
affonl  an  interesting  example  of  mucous  cells.  The  epiiheliuni  of  the  intes- 
tine is  a  simple  oolnmeiar  ei>itheliuni.  Scutlered  among  the  ci)lumuar  cells  are 
found  cells  containing  mucin.  These  cells  are  originally  columnar  in  sha)>e 
like  the  neighboring  eells,  but  their  protoplasm  lunlergoes  a  chemical  change 
of  such  a  character  that  mucin  is  prixlnceil,  causing  the  cell  to  l)ecome  swollen 
at  its  free  extremity,  wheuee  the  nan»e  of  goblet  c^ll.  It  has  been  shown  that 
tlie  mucin  is  formed  within  tfic  substance  of  the  prolophism  as  distinct  granules 
of  a  large  size,  and  that  the  amount  of  mucin  increases  gradually,  forcing  the 
nucleus  and  a  small  part  of  the  uneluingcd  pnitoplasm  toward  the  base  of  the 
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cell.  Eveutnally  the  niueiii  is  extruded  hodily  iiitu  the  lunieii  of  tlic  IntoHtiue, 
leaviug  beliiud  a  jmrtinlly  empty  cell  witli  the  tiiicletis  uml  a  small  I'emnant  of 
protoplasm  (see  Fig.  50).     The  complete  life-history  of  these  cells  is  imper- 


I 


feetly  known.  According  to  Blzzozei'o*  they  are  a  distinrt  variety  of  cell  and 
are  not  genctiiailly  rclatitl  to  the  »»nlinary  jrraiinlar  cpiiheliiil  cells  by  whirh 
ihey  are  siiiTouude<l.  A(x-*tixlinL;  to  otlierj*,  any  of  the  coiiimnar  epithelial  cells 
nmy  become  a  goblet  cell  by  the  forniaiion  oi*  mucin  within  its  interior,  and 
after  the  mucin  is  cxtnidoti  the  cell  regencrntcs  its  protopliisni  and  lKHX)nieB 
again  an  onliimry  upithclial  cell.  However  this  may  be,  the  interesting  fact 
from  ii  phy.siologfcai  statidpuiiil  is  tliat  chese  goblet  cells  are  genuine  unicellular 
mocouj*  glands,  \Joreover,  the  deposition  of  the  mucin  in  the  form  of  definite 
granules  within  the  protophu^m  givirs  histiiloiri<'al  ]>rt>of  that  (his  tuaterial  is 
produced  by  u  inelulK)iisni  of  the  i-ell-sub^latice  itself.  It  will  Ix'  found  that 
the  mucin  cells  in  tlie  secreting  tubules  of  the  salivary  glaud«  exhibit  similar 
apj>earances.  So  far  as  is  known,  the  goblet  cells  do  uot  ptiesess  secretory 
nerves. 

SaliVauy  Glaxds. 

Anatomical  Relations. — The  salivaiy  glands  in  man  are  three  in  num- 
ber on  each  side — the  parotid,  the  i^ubuiaxitlary,  and  the  sublingual.  The 
|>arotid  gland  eoiiiniuntr'iites  with  the  mouth  by  a  large  duct  (SteDson^s  duct) 
which  o|>ens  upitu  the  inner  surtace  nf  the  cheek  opjKwite  the  second  molar 
tooth  of  the  upper  jaw.  The  submaxillary  gland  lies  below  the  lower  jaw, 
and  its  duct  (WhartonV  duct)  o|»ens  into  thn  moutli-i'avity  at  the  side  of  the 
fra^num  of  tlie  tongue.  The  sublingual  gland  lies  in  the  flour  of  the  mouth 
ly  the  side  of  the  fiicuum  and  o|>ens  into  the  mouth-cavity  by  a  number  (8  to 
20)  of  small  duets,  known  as  the  ducts  of  Rivinns.  One  larger  duct  that 
runs  jmrallel  with  the  duct  of  Wharton  and  open*  separately  into  the  mouth- 
cavity  iff  sonietiuKs  present  in  man.  It  is  known  an  the  duct  of  Bartholin 
and  occurs  nt^rmally  in  the  dog.  In  addition  to  these  three  pairs  of  largi* 
glands  a  nunilM^r  of  small  glands  belonging  lioth  to  the  albuminous  and  the 
mueouri  ty{>es  are  fouud  imbe<ldiHl  in  the  mucous  membrane  of  the  mouth  and 

1  ArtkuB  JUlt  mi]trvakopuok€  AnatamU,  1893,  Bd.  43.  a  81 
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toDgue.     The  secretiou^j  uf  the^  giuutk  contributt'  to  the  formatiou  of  the 
saliva. 

The  course  of  the  nerve-fibres  supplying  the  large  salivary  glands  is  iiiterest- 
ing  in  view  of  the  phyt^iologic-al  results  of  their  stimulation.  The  description 
here  giveu  applies  especially  tu  tlieir  aniuigeineut  in  the  dog.  The  purolid  ^laud 
receives  its  fibres  from  two  sourfrfs — iu'stj  cerebral  fibres  that  originate  In  tlie 
glosso-plmr\Mip;eal  or  iiiutli  cranial  nerve,  psiss  into  a  branch  of  this  nerve  known 
as  the  tvinpiiiiic  braiicfi  in*  nerve  iif  Jacobsini,  tlienee  to  the  small  siijw^rficial 
petrosal  uerve,  through  which  they  reach  the  otic  ganglion.  From  this  gan- 
glion they  pass  by  way  of  the  auriculo-temjx^ral  branch  of  the  inferior  max- 


Inferior  mnxiUary 


GloMu-jihitrynfftiU 


i'etniH. 


PlQ.  61.— Bcbematlc  repreBentalion  of  the  courae  of  the  c^urebraj  fibres  to  the  puruUd  gUnd. 


illary  division  of  the  fifth  cranial  nerve  to  the  parotid  gland.    (A  schematic 
diagram  showing  the  course  of  these  fibres  is  given  in  Figure  61.)     A  second 
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FiQ.  92.— Schematic  n!p»B«Qt*Uoii  of  the  course  of  the  chonU  tympanl  nerve  to  the  BubmaxUlary  eland. 

supply  of  nerve-fibres  is  obtained  from  the  cervical  synipatlietic  nerve,  the 
fibres  rearliing  the  ^lund  uUitnati'ly  In  the  coat*  of  the  UlinKl-vcssels.  The 
submaxillary  (^and  tlie  sublingual)  glan<l8  receive  their  iiervc-libres  als*u  from 
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two  sources.  The  cerebral  fibres  arise  from  the  bruin  in  the  facial  nerve  and 
pa»  out  in  the  chorda  tynijuni  branch  (Fig.  52).  This  latter  nerve,  after 
emei^ing  fruui  the  tynijiaiiic  oavitv  tln'oiiifh  the  GlatAcrian  fi8.siire,  joins  the 
lingual  nerve.  After  rutiuiug  with  tliis  nurve  for  a  short  (hstaiKf,  the  swre- 
lory  (anil  vaso-dilator)  nerve-fibres  destined  for  the  submaxillary  and  sublin- 
gual glands  branch  ntf  :ind  pii-ss  to  the  glan<is,  following  tlie  course  of  the 
ducts.  Where  the  chorda  tyniiwuii  Hbp(.*s  leave  the  lingual  there  ii>  a  small 
ganglion  which  hits  received  the  name  of  submaxilhu'y  ganglion.  The  nerve- 
fibres  to  the  glauds  p:iss  cK»sc  to  thi?^  ganglion,  but  Ijangley  has  shown  that 
only  those  destined  for  the  .sublinj;iiiLl  ^laiid  really  connect  with  the  nerve- 
opIU  of  the  ganglion,  and  he  auggcstii  therefore  that  it  should  be  called  the 
sablingual  instead  of  the  siibinaxillury  ganglion,  The  nerve-fibres  for  the 
submaxillary  glantl  make  cmncotiiMis  with  ncrvc-cclls  mainly  within  the 
hiln.s  of  the  gland  itself.  The  .submaxillary  ami  .sublingual  glands  nrcive 
alw)  symj^athctic  nervc-fil>rcs,  which  al\er  leaving  the  superior  cervical  gan- 
glion |»ass  to  the  glands  in  the  coats  4»f  the  l)hM>d-veft8elfi. 

Histoloeical  Structure. — The  salivary  gland.'*  belong  to  the  type  of  com- 
pound tubular  glands,  as  Flemniing  has  |>ointed  out.  That  i$,  the  secreting 
fMjrtious  are  luhuiar  in  .shafx.-,  although  in  crusa  sections  these  tubes  may 
present  various  outlines  acconling  as  the  plane  of  the  section  passes  through 
them.  The  pan»tid  i:^  describetl  usually  as  a  typical  serous  or  albuminous 
gland.  It.H  sw'rcling  epithelium  is  conipase*l  of  cells  whirh  in  (he  fresh  con- 
dition as  well  as  in  preM-rvciI  ?|)ecinieus  i-ontain  numerous  fine  granules  (see 
Figs,  53  and  55,  .1),  Hci4lenhain  states  that  in  exceptional  cases  (in  the 
dog)  some  of  the  secreting  cells  may  belong  to  the  mucous  type.  The  l>a£«- 
ment  raembnine  is  comjwwiMl  of  flutteneil  linnichcd  comicctive-tissue  cells,  the 
interstices  l)eiween  which  are  filletl  by  a  thin  nicmbnine.  The  submaxillary 
gland  differs  in  histology  in  different  animals.  In  some,  as  the  dog  or  cat, 
all  the  sciTet<»ry  tula's  are  conijioscil  chictiv  or  cxclusivelv  of  epithelial  cells 
of  the  mucous  ty|)e  (Fig.  56).  In  niun  ihe  gland  Is  of  a  mixed  type,  the 
decretory  tubes  conUuning  l)oth  mucous  and  albuminous  ct-Ils,  The  sublingual 
gland  in  man  also  ccmtaius  b'»th  varieties  of  *'oIls,  ahhough  the  mucous  cells 
prcilominate.  It  follows  from  these  histtiltiginil  cliaracteristiiai  that  the  secre- 
tion from  the  submaxillary  and  sublingual  glands  is  thick  and  mucilaginous  as 
cctrn|wirnl  with  that  from  the  piiixitid. 

In  the  mucous  glands  aimthcr  variety  of  <rlls,  the  s4»-cidli*<I  ilcmilunes  or 
crestvnt  cells,  is  frequently  met  with;  and  the  physiologitul  significuncx*  of 
these  cells  has  been  the  subject  of  much  discussion.  The  demilunes  are  cres- 
oent-shai»e*l  granular  wlls  lying  hietwecn  the  nmcons  c*lls  and  ihc  basement 
membrane,  and  not  in  contact,  thci^cfore,  with  the  tvntral  lumen  of  the  tube 
(sec  Fig.  56).  According  to  Heidenhain  these  demilunes  are  for  the  purpose 
of  replacing  the  mucous  cells.  In  consequence  of  long-continue<I  activity  the 
mucous  cells  may  disintegnitc  and  disap|xnir,  and  the  demilunes  then  develop 
into  new  mucous  cells.  The  moe^t  probable  view  at  present  is  that  the  demi- 
lunes r(*present  distinct  fiecretory  cells  of  the  albtmdnous  type. 
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The  socrcting  tubiilos  of  tlio  salivary  glands  possess  distinct  lumens 
nxrnd  whicli  tlio  oflls  arc  arrangrd.  In  addition  a  nundiorof  recent  observers, 
making  Uf^e  oi'  the  (iolgi  niollind  of  staining,  have  apparently  demon.stnited 
that  in  the  alhiininiou.'^  glands  the  lumen  Ih  cnntinued  U2s  fine  euplllary  i^ikicc^ 
nnining  between  the  secreting  cells.*  Tlie  statement  is  also  made  lliat  irorn 
these  secretion  capillaries  small  sidt^bruneheH  are  given  otf  tliat  j>enetr:iie 
into  the  substiince  of  the  oell,  making  an  intracelluhir  origin  of  the  system  of 
ducts;  this  point,  however,  needs  c^jnlinnation.  In  tlic  initiMins  gland.s  similar 
seeretion  eupillaries  are  fonutl  oidy  in  eonnoetioii  with  the  demilune^.  This 
latter  fact  suppoits  the  view  tliat  the  demilune?^  ai-e  no!  simply  inactive  forms 
of  mucous  cells,  but  cells  with  a  ejKicifie  fuiu-honal  activity.  It  is  an  un- 
doubtetl  fact  that  the  salivary  glands  possess  definite  secretoiy  nerves  which 
when  stimulates!  start  tlie  formation  of  secretion.  This  fact  imiientes  that 
there  must  be  u  direct  contact  of  some  kind  l>etween  the  gland-eells  and  the 
terminations  of  the  secretory  fibi-es.  The  nature  of  this  iHinm'ctiun  has  l)eea 
the  subject  of  nunuTous  investigations,  the  results  of  which  were  tor  a  hmg  time 
negative  or  untrustworthy.  More  recently,  however,  the  application  of  the 
useful  Golgi  metbixl  has  led  to  satisfactory  ix'sults.  Ttie  ciitiing  of  the  nerve- 
fibres  in  the  submaxillary  and  sublingual  glands  has  been  described  by  a  num- 
ber of  ol)servers.'  The  accounts  differ  somewhat  as  to  details  of  the  finer 
anatomy,  but  it  seems  lo  be  clearly  eslnljlislKHl  that  the  set^retory  fibres  froui 
tlie  eliorda  tympani  end  first  round  the  intrinMc  nerve-ganglion  cells  of  the 
glands^  and  from  these  latter  cells  axis-cylinders  are  distributed  to  the 
secreting  cells,  passing  to  these  cells  along  tbe  duets.  Tlie  nerve-fibres  termi- 
nate in  a  plexus  upon  the  menibrnna  propria  of  iho  alveoli,  and  from  this 
plexus  fine  fibrils  [kiks  inward  lo  end  on  uiid  between  the  secreting  oclle. 
It  would  seem  from  these  observations  that  the  nerve-fibrils  do  not  penetrate 
or  fuse  with  tbe  gland-cell>.  as  w:is  ft^rnierly  sii[>p«M'd,  but  form  a  terminal 
network  in  contact  with  the  cells,  following  thus  the  gt-mnil  schema  for  the 
connection  l>etween  nerve-fibres  and  j>eripheral  tissues. 

CompoBition  of  the  Secretion. — The  saliva  as  it  is  fnnuil  in  the  mouth 
is  a  mixtxl  seei-etion  from  tlie  larg«;  salivary  glands  and  the  mmierous 
smaller  glands  scatter*.^!  over  the  mucous  membrane  of  the  mouth.  It  is  & 
colorless  or  opalescent,  turbid,  and  mneilaginous  liquid  of  weakly  alkaline  re- 
action and  a  specific  gravity  of  about  1(K)3.  It  may  eonlaiii  numerous  flat 
cells  derived  frf>m  the  epitlielinni  nf  the  mouth,  and  t!ie  pecidiar  spherical  cells 
known  a.s  salivary  corpuscles,  which  seem  to  be  altereii  leucocytes.  The  im- 
portant troDstituent^  of  tbe  secretion  are  mucin,  a  diustatie  enzyme  kijowu  as 
ptvalin,  traces  of  albumin  and  of  [totussiuni  sulpIuK-yanide,  and  inorgani<r  sails 
such  as  potassium  and  sodium  chloride,  i)otas.sium  sulphate.  so<lium  carlnmate, 
and  calcium  carlxiiKUc  and  phosphate.  The  avenig*'  ]>rf>portion8  of  these  con- 
stituents is  given  in  the  following  analysis  by  Humruerbaciier : 

1  Lawrstein:  i^l%er'>  Arxkit  fSr  die  gemmmit  Phvnolo^^  1893,  Bd.  5o,  S.  417. 
*  See  Huber :  Journai  of  ErperimaUttl  Medicine,  1896,  vol.  L  p.  281. 
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Of  the  organic  constitueutfi  of  the  saliva  tho  proU'id  exists  in  small  and  varia- 
bk'  qimntities,  and  its  «»x;ict  nature  is  nol  delenuliied.  The  niut'iii  o;ives  to  the 
saliva  its  ropy,  rnu(.*ilaginoiis  olmnu'ter.  This  suhstaiKv  bt'iongs  to  the  group 
of  combined  pnjteids,  j^lyco-proteids  {^  section  on  Cheniistr)'),  consisting  of  a 
pn>leid  efjiuIiiruMl  \\\\\\  a  ejii  Imliydnite  i^rmip.  The  jihvHiolngicid  value  of  tlds 
couMitiientseonus  to  lie  in  its  physiad  projK^rties,  as  deseriU-d  in  the  section  on 
Digestion.  The  mosl  intert'stin^''  eoufitituent  of  the  mixed  saliva  is  the  pty- 
alin.  This  body  belong  t*i  the  ^roiip  of  enzymes  or  unorpiinized  ferments, 
whose  geuei-al  aud  spet-iHe  pn»|ierties  are  deserilKfl  in  the  section  on  Digestion. 
It  j=iuffiee»  here  to  ^ay  only  that  ptyaliii  l>e]ouj;s  to  the  diasta tic  group  of  enzymes, 
who?!**  sjH'eifie  action  consists  in  a  conversion  of  the  starches  into  pugar  by  a  pi*oc- 
Gw^  of  hydrnlyslH.  In  some  animals  (doj;)  ptvnlin  seems  t«i  be  normally  absent 
from  the  fre>h  saliva,  Aii  interotiug  fact  with  rrft-rence  tti  the  8idiva  i.-s  the 
large  quantity  of  gases,  particularly  CD,,  which  may  he  obtained  from  it  when 
fri'shly  secreted.  In  un  analysis  by  Pfliiir^'r  of  the  sidiva  from  the  submaxil- 
lary gland  the  following  iigures  were  (»ljtaineil :  CO^,  *>')  [mt  ivnt.,  of  which 
42.5  percent,  was  in  the  form  of  carUinates ;  X,  0.8  per  cent, ;  O,  0.6  per 
cent.  For  thr*  |nii*olid  stM-rejion  Ki'dz  rppnii-i :  (.'(K,  filJ.7  per  cent.,  of  which 
62  percent,  was  in  coiidjiiiali<in  as  ^iirlHniate;  N,  3.8  |H.'r  wnt.  ;  O,  1.46  jier 
cent. 

The  secretions  of  the  jwirotid  and  sulnuaxillary  glands  can  be  obtaine<l  easily 
by  inserting  a  cannula  into  the  op<-Miing>  of  the  duets  in  the  mouth.  The  secre- 
tion of  the  sjbli[]t^nal  can  only  l>e  nl.itaineit  in  sntTieient  (juantities  for  analysis 
from  the  lower  animals.  Examination  of  the  separate  secretions  shows  that  the 
main  difference  lies  in  the  fact  that  the  parotid  saliva  wintains  no  mucin,  while 
that  of  the  snitmaxillary  aud  esptrially  of  th*'  sublingual  gland  is  rich  in 
mucin.  The  |Kirtitid  saliva  of  man  seems  to  l>e  |>articularly  ricli  in  ptyalin  as 
com|>are<l  with  that  *'f  the  submaxillary,  while  the  secretion  i«f  the  latter  and 
that  of  the  sublingual  gland  give  a  stronger  alkaline  reaction  tlian  the  pan»liil 
tuilivu. 

The  Secretory  Nerves. — Tire  existence  of  secretory  nerves  was  discovered 
by  Ltidwig  in  iS'il.  He  found  that  stimulntion  of  the  chorda  tympani  nerve 
caused  a  flow  of  saliva  from  the  submaxillary  gland.  He  established  also 
veral  important  facts  with  reganl  to  the  pressure  an<l  eom|>osition  of  the 
retion  which  will  l»e  referred  to  presently.  It  was  afterwaixl  shown  that 
the  salivary'  glands  retvive  a  double  nerve-supply,  in  part  by  way  of  the 
oervitnl  symjuithetic  and  in  part  through  cerebral  nerves,  as  bricflv  desoribe<l 
on  p.  21 H.     It  wa«  discovered  also  that  not  only  are  secretory  fibres  carried 
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to  the  glands  by  these  paths,  but  that  the  vaso-motor  fibres  are  coiitiiined  in 
the  same  ner\'<»f*,  and  the  armnj^t^mont  of  tliose  latter  fihrt*s  is  .«nrh  tliiit  the 
cerebral  nt^rves  coiitaiu  vaso-dilatur  iil>res  that  cause  a  dilatation  of  the  small 
arteries  in  the  glands  and  an  accelerated  blooil-floWj  while  the  sympathetic 
carries  vasi>-con,str!cti>r  fibres  whose  stimulation  causes  a  cnnstriotiou  of  the 
small  arteries  and  a  diiiiiniMhed  bloi)d-flow.  The  tflect  upon  the  secretion  of 
stimitlating  these  two  sets  of  iibrcs  is  found  to  vary  somcwluit  in  different 
animals.  For  purposes  of  <lerieriplion  we  may  confine  ourselves  Ui  the  etfects 
observed  on  doiijSj  since  much  of  our  fuadaniental  knowledj^e  uj>nn  the  subject 
is  derived  from  Heidenhain's '  experiuients  u|K)n  tins  animal.  If  the  chorda 
tympani  uerve  is  stimulated  by  weak  induction  shocks,  the  gland  begins  to 
secrete  promptly,  and  the  secretion,  by  prnj^er  regulation  of  the  stimuli,  may 
be  kept  up  for  hours.  The  secretion  thus  obtained  is  tliin  and  watery,  Hows 
freely,  is  abundant  in  amount,  and  contains  not  more  than  1  or  2  per  cent,  of 
total  solids.  At  the  same  time  there  is  an  increased  flow  of  blotxl  through 
the  gland.  The  whole  gUiml  takes  on  a  i*edder  hue,  tlie  veins  are  distendwl, 
aud  tf  cut  the  bloo^l  that  flows  from  them  is  of  a  redder  color  than  in  the 
resting  gland,  ami  may  show  a  distinct  pnlse — all  of  which  joints  to  a  dilata- 
tion of  the  small  arteries,  If  now  the  sympatlietic  fibres  arc  stimulated,  quite 
ditfereut  results  are  obtained.  The  secretion  is  relatively  small  in  amount, 
flows  slowly,  is  thick  and  turbid,  and  may  contain  as  much  as  6  j)er  cent,  of 
total  solids.  At  the  same  time  the  gland  becomes  pale,  and  if  the  veins  be 
cut  the  flow  frotn  them  is  slower  than  iu  the  restiug  gland,  tlms  indi«tling 
that  a  vaso-oonstrictiou  has  occurred. 

The  increased  vascular  supply  to  the  gland  aecom|>anying  the  abundant 
flow  of  "chorda  saliva"  and  the  dimiuished  flow  of  ijlixx.1  during  the  scanty 
secretion  of  "sympathetic  saliva"  suggest  naturally  the  idea  that  the  whole 
process  of  secretion  may  be  at  bottom  a  vaso-mot^ir  phenomenon,  the  amount 
of  secretion  depending  only  ou  the  quantity  and  pressure  of  the  bloo<l  flowing 
through  the  gland.  It  has  bt*en  shown  c<mclusively  that  this  idea  is  erro- 
neous and  that  definite  secretorj'  iibres  exist.  The  following  facts  may  lje 
quoted  in  support  of  this  stateu»eut:  {1)  Ludwig  showed  that  if  a  mercury 
manometer  is  coniitN'ted  with  the  duct  of  the  submaxillary  gland  and  the 
chorda  is  then  stimulated  for  a  trrtaiu  lime,  the  pressure  in  the  duct  may 
become  greater  than  the  blood-pressun.' in  the  glan<l.  This  fact  show>  that 
the  secretion  is  nr>t  (lerive<l  entirely  by  pntcesses  of  filtration  from  the  blood. 
(2)  If  the  b]fM)d-flow  be  shut  off  completely  from  the  gland,  stimulation  of 
the  chorda  will  still  give  a  secretion  for  a  short  time,  (3)  If  atropiii  is 
injected  into  the  gland,  stimulation  of  the  chorda  will  cause  vascular  dilata- 
tion but  no  secretion.  This  may  be  explained  by  supposing  that  the  atropin 
paralvzEis  tlic  secretory  but  not  the  dilator  tibres.  (4)  Hydrochlorate  of  qui- 
uiuc  injected  into  the  giaud  gives  vascular  dilatation   but  no  secretion.     In 


'  PffUga's  Anhiv  fur  die  ^aatnnU^  PhymtAogie^  1878,  Bd.  xvii.  .S.  1 ;  al«)  id  Htrmann^n  Hatid- 
butk  der  Phymotoffu,  1883,  Bd.  v.  Th.  1. 
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this  case  the  secretory  fibres  are  atill  irritable,  since  stiniulatiuu  of  the  chorda 
gives  the  usual  secretion. 

A  still  more  marked  iliff'erenee  between  the  efVeet  of  hliinulation  of  the 
cerebral  and  the  gyuijiaihetic  fibres  may  l>e  ob?crv«l  in  the  case  of  the  )>arotid 
gland  in  the  dog.  Stimulation  of  the  cerehnil  fibres  alone  in  any  part  of 
their  oonrHe  (»*^  Fig.  '^>1)  gives  an  ai>uudaut  thiu  and  watery  saliva,  jHnir  iu 
solid  coustitueut^.  Stimulation  of  the  sympathetic  fibi'es  alone  (pmvided  the 
c*irebral  fibres  havt:  not  been  stiuinlaiwl  ■■hortly  lM?(bre  (Ijiiiiglcy)  and  the  tym- 
panic nerve  has  been  cut  to  prevent  a  retiex  effect)  gives  usually  no  perceptible 
secretion  at  alL  But  in  this  Uist  stimulation  a  marked  effect  is  prtMltu'<'d  ujwn 
tlie  gluud,  in  spite  of  tin-  ubftCDw  of  a  visible  scci*etion  ;  this  is  nhown  by  the 
fact  that  sub^'qnent  or  <9imaltaneou8  stimulation  of  the  cerebral  fibres  given  a 
secretion  verv  unlike  lliat  j.'-iven  by  the  (HMvbml  fibres  alone,  in  that  it  is  very 
rich  indeed  in  organic  eonstitueuti;.  The  amouut  of  organic  matter  in  the 
secredoa  may  be  tenfold  that  of  the  saliva  obtaiual  by  stimulation  of  the 
cerebral  fibres  alone. 

Another  im|M»rtanl  and  suggestive  set  of  facts  witlj  regard  to  tlie  action  of 
the  secretory  nerves  is  obtained  from  a  study  of  the  dillerences  in  composition 
of  the  secretion  following  upon  variations  iu  tlie  strength  of  stimulation  of  the 
ner\'es. 

Relation  of  the  Composition  of  the  Secretion  to  the  Strength  of  Stimtila- 
tion. — If  the  stimulus  to  the  chorda  is  gradually  increased  in  strength, 
care  being  tJikeii  not  to  fatigue  the  gland,  the  ehemieal  conij>osition  of  the 
fiecretitm  is  fotmd  to  change  with  n'g;in.|  to  the  relative  anionnts  of  the 
water,  the  salts,  and  the  organic  material.  Tlie  water  and  the  salts  increase 
in  amount  with  the  increaseil  strength  of  stimuhia  up  to  a  n-rtain  maximal 
limit,  which  for  the  Sidts  is  ulnrnt  0.77  j>er  cent.  It  is  imjMiPlant  to  i»bs<*rve 
that  tliis  effect  may  Iw  obtained  from  a  jwrfectly  fresh  gland  as  well  as 
from  a  gland  whicii  harl  previously  been  secn'ting  activelv,  With  regard 
to  the  organic  constituents  the  pret^ise  n^sult  ohtaine<l  dc]>cnds  on  the  con- 
dition of  the  gland.  If  previous  to  the  stimulation  the  gland  was  in  a 
resting  condition  and  unfatigued,  then  increased  strength  of  stimulation  is 
followed  at  first  by  a  rise  in  the  percentage  of  organic  constituents,  and  this 
rise  in  the  beginning  is  moiv  marktnl  than  in  the  rtLSt;  of  the  Siilu*.  Jiui 
with  contiuiietl  stimulation  the  iuerease  in  organic  material  soon  ceases,  aud 
finally  the  amount  lx?gins  actually  to  diminish,  an<l  may  fall  t»i  a  low  point 
in  spite  of  the  stronger  stimulation.  On  the  nihor  IuukI,  if  the  gland  iu  the 
l)eginning  of  the  experiment  had  been  previously  worked  to  n  eonsiderable 
extent*  then  an  increa.se  in  the  stimulating  current,  while  it  increases  the 
amount  of  water  and  salts,  may  have  either  no  effect  at.  all  ii|>on  the  org;mic 
oonstitnenta  or  cause  only  a  temporary  increase,  quickly  followed  by  a  fall. 
Similar  results  may  l>e  obtained  from  stimulation  of  the  irerebral  nerx'es  of 
the  [sarotid  gland.  The  above  facts  led  Heidenhain  to  believe  tliat  the  cou- 
Uitioos  determiniug  tlte  secretion  of  the  organic  material  are  different  fnim 
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those  controlling  the  water  and  8alt«,  and  he  gave  a  rational  explanation  of 
tile  tiifTerences  ol)serve<^l,  iu  his  theory  of  trophic  and  secreton*  fibres. 

Theory  of  Trophic  and  Secretory  Nerve-fibres. — Thi?  tlieorj*  supposes 
tliat  two  physiological  varieties  of  uorve-tibroh  are  distributed  to  the  salivary 
glands.  One  of  these  varieties  controls  the  secretion  of  the  water  and  inor- 
ganic salts  and  its  fibres  may  bo  called  secretory  fibres  pnn>er,  while  the  other, 
to  which  the  name  tropliic  is  ^iveu,  wiuses  the  formation  of  the  organic  con- 
stituents of  the  secretion,  probably  by  a  direct  influence  on  the  luetabolisns  io 
the  cell.  Were  the  trophic  fihrc:^  to  act  alone,  the  organic  pnxlticts  would  be 
forniwl  within  the  wll  but  thciv  would  ha  wo  visible  secretion,  and  this  is 
the  hypothesis  which  Heideiiliaiii  uses  to  explain  the  rt-jsultis  of  the  ex|>eri- 
raent  descril>eii  above  ujwu  atitnulation  of  the  syiuputhetic  fibres  to  the  ptirotid 
of  the  dog.  In  this  aiiimal,  ii])imrentiy,  the  syini>atlictic  branches  to  the  parotid 
contain  exclusively  or  almost  (exclusively  trophic  fil)ras,  while  in  the  eerebi*al 
branches  both  trophic  and  secretory  fibres  profx-r  are  present.  The  results  of 
stiumlation  of  the  t<M'cl)nd  and  >ynipa(hetic  branches  to  the  submaxillary  gland 
of  the  same  animal  may  l>c  txplaiiierl  in  terms  of  this  theory  by  supposing  that 
in  the  latter  nerve  tropliic  fibres  pre|H>nderate,  and  in  the  former  the  secretory 
fibres  proper. 

It  isobvious  that  this  anatotuieal  scjiaralion  of  the  two  sets  of  fibres  aloiitr  the 
cerebral  and  sympathetic  paths  may  be  open  to  individual  variations,  ami  that 
dogs  may  be  found  in  which  the  sympathetic  branches  to  the  parotid  glands 
contain  secretory  fibres  proper,  and  therefore  give  some  flow  of  secretion  on 
Btimulation.  These  variations  might  uls<i  l*e  expected  to  be  more  marked  when 
animals  of  ditlerent  trroufvs  an?  <N;impared.  Thus  T^ngley*  finds  that  in  cats  the 
sympathetic  saliva  from  the  submaxillary  irlarid  is  less  viscid  tiiaii  tin-  dionla 
«diva,  just  the  reverse  of  wliai  nocur^  in  the  dog.-  To  apply  Hi-ideuhain's 
theory  to  this  case  it  is  necessary  to  assume  that  in  the  cat  the  trophic  fibres 
nui  chiefly  in  the  chorda.  An  inl4'restin<r  fact  with  referetice  to  tlie  secretion 
of  thu  pamtid  in  do^  has  Ix'cn  noted  by  Langley  and  is  of  special  interest^ 
since,  although  it  may  Ir*  re'concile*!  with  the  theory  of  trt>phic  and  secretory 
fibres,  it  is  at  tlie  same  time  suggestive  of  an  inoomjilcteness  iu  this  theory. 
As  has  bet;n  sjxid,  stinuilation  of  the  sympathetic  in  the  dog  causes  usually  no 
secretion  from  tlie  parotid.  Langley*  finds,  however,  that  if  the  tympanic 
nerve  is  stimulated  just  previously,  stimulation  of  the  synipatheti*-  t^auses 
an  abundant  but  brief  flow  from  the  parotid.  One  may  explain  tliis  in  terms 
of  the  theory  by  asstiiuiug  that  the  sympathetic  d(»cs  contain  a  few  se- 
cretory fibres  projKT,  but  that  ordinarily  their  action  is  tcx>  feeble  to  start 
the  flow  of  water.  Previous  stimtilation  of  the  tympanic  nerve,  however, 
leaves  the  glaud-cells  in  a  more  irritable  conditioin  so  that  the  few  secretory 
fibres  proper  in  the  sympathetic  branches  are  now  eflective  in  producing  a 
flow  of  water. 

^Journal  nf  Phtfuiolof^tt,  1878,  vol.  i.  p.  96. 
>76id.,  1889,  vol.  X.  p.  201. 
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Theories  of  the  Action  of  Trophic  and  Secretory  Fibres. — The  way 
In  which  the  trophic  fibres  act  has  been  briefly  iudiciiled.  They  may  be  sup- 
posed U\  set  lip  nielal)olic  change*  in  \hv.  protoplasm  of  the  cells,  leading  to  the 
formation  of  eertain  definite  prmluets  such  as  mucin  or  ptyalin.  That  such 
chancres  do  occur  is  abuudantly  shown  by  microscopic  examination  of  the  resft^ 
\x\^  and  the  aetivo  gland,  the  details  of  which  will  J>e  ^iven  [ni-jM'iitly.  In 
p^nenil  these  ehauj^es  may  ht»  .supples* h I  to  Im^  kauibolic  in  nature;  that  is,  i<» 
cMui^ist  in  a  dis:iK^>ciation  or  breaking  down  of  the  complex  living;  material 
with  the  formation  *^\'  i\\v  simpler  ami  more  :*table  organic  constituenis  of  the 
secretion.  Thcrt^  is  eviilcnct;  to  show  tliiit  these  gland-cells  during  activity 
form  fresh  material  from  the  uourighmeuL  supplied  by  the  blood ;  that 
is,  that  anabolic  or  bnihiing-iip  proressi's  occur  along  with  the  katabolic 
changes.  The  lattfT  are  the  more  obvious  and  are  the  chauges  which  are 
usually  ass(K'iiiicil  witli  the  action  of  the  tropluc  nerve-fibres.  It  Is  {x>ssible, 
also,  that  tlie  aiiutwlic  or  gn>wth  changes  may  V>e  under  the  control  of  separate 
fibres  for  whii-h  the  name  anabolic  fibres  would  be  appropriate.  .Satisfactory 
pr«K)f  of  the  existence  of  a  separate  sec  of  am\bolic  fii)rcs  has  not  yet  been 
furnished. 

The  methixl  of  action  of  the  seoretor}'^  fibres  pro]>or  is  difficult  to  under- 
stand. At  present  the  theories  suggested  are  ver\-  speculative,  and  a  detailed 
account  of  them  is  scarcely  a[>propriatc  in  this  place.  Heidenhain's  own  view 
may  be  mentioned^  Init  it  Hhoultl  he  l>orne  in  mind  that  it  in  only  an  hy- 
ptJthesis,  the  tnilli  of  which  is  far  from  l)eing  demonstrateil.  The  theory  starts 
from  tlie  fad  that  no  more  water  leaves  the  hliKxl-caplllaries  than  afterwaril 
appears  in  the  sccn'tion  ;  tJiat  is,  no  matter  how  long  the  si-crction  continues, 
the  gland  does  not  become  (e<lematous  nor  does  tlie  velocity  of  the  lymph- 
stream  in  the  lympliatios  of  the  gland  increase.  This  being  the  case,  we  must 
suppose  that  tl»e  sircatn  of  water  is  regulated  by  the  secretion,  that  is,  by  the 
a<rtivity  of  the  glanil-cells.  If  we  sup|w»s<;  tiiat  some  coustitueut  of  these  cells 
has  an  attraction  for  water,  or,  to  use  the  m4Hli»rn  expression,  exerts  a  high 
osmotic  pressure,  then,  while  the  gland  is  in  the  resting  state,  water  will 
diffiis**  from  tin*  basement  nicmltranc  ;  this  in  turn  supplie?>  its  loss  frtun  the 
surrounding  lympli,  and  the  lymph  obtains  the  same  amount  of  water  from 
the  blood.  As  the  amount  of  water  in  the  cell  increases  a  |H>int  is  reached 
at  whidi  an  enuilihrium  is  established,  ami  the  osmotic  stream  frt»m  bbxrtl 
to  cells  cotiics  to  a  standstill.  The  water  in  the  cells  does  not  csoa{>c  into  the 
lumen  of  the  tubide  or  of  the  secretiou  ciipillarics,  because  the  periphery  of 
the  cell  is  inodifie<.l  to  form  a  layer  offering  c<»nsiderable  resistance  to  filtra- 
tion. The  action  of  the  'decretory  fibres  prop*T  consists  in  so  altering  the 
structure  of  this  limiting  layer  of  the  cells  that  it  otfcrs  less  resistance  to  filtra- 
tion ;  consequently  the  water  under  tension  in  the  cells  escapes  into  the  lumen. 
and  the  (»Bm4»tic  pressure  of  its  substance  again  starts  up  a  stream  of  water 
from  capillaries  to  cells,  which  continues  as  long  as  tlie  nerve-stimulatiun  is 
effective. 
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Recent  work  bv  Ranvler,  Drascli,  Biederinaan,  aud  others  has  called  atten- 
tion to  an  interesting  phenonienou  mtnirring  in  gland-oeU:s  during  secretion 
which  when  butter  known  will  possibly  throw  light  ufMin  the  i'ormation  of  the 
water  stream  under  the  inilueaoe  of  uerve-stiuiulatiou.  Ranvier*  describes 
iu  both  serous  and  mucouii  cells  the  formation  of  vacuoles  within  the  proUv 
plosmic  substance.  TIk'SC  vacuoles  are  particularly  abundant  after  norve- 
slimulation.  Tliey  gecui  to  contaiu  water,  aud  if  they  l«;havc  a.s  they  do  iu 
the  protozoa — and  this  is  indicatetl  by  the  oU>ervations  of  Drascli'  upon  the 
glands  iu  the  nictitating  membrane  in  the  tVog — they  would  seem  to  form  a 
mex?hani?m  sufficient  to  forw  water  i'nmi  the  cells  into  the  lumen. 

HistoloBfical  Changes  during  Activity. — The  cells  of  both  the  albu- 
minous and  mucous  glands  undt-rgo  distiuct  histological  changes  in  oonse- 
quence  of  prolonged  activity,  and  these  changes  may  be  recognized  both  in 
pn;|mnitious  from  the  fresli  glaud  and  in  preserved  specimens.  In  the  parotid 
gland  Heidenhain  studied  tiie  changes  in  stained  sections  after  hardeniug  iu 
alcohol.     In  the  resting  gland  (Fig.  53)  the  cells  are  ei^mjMictly  tilletl  with 
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PiQ.  .VI.— Parotid  nf  i\\M  rabbit,  in  the  resting  nandltton  {allor  HcidenbaJn). 

granules  that  stain  readily  and  are  imbedded  in  a  clear  ground  substance 
that  does  not  stain.  The  nucleus  is  small  and  more  or  less  irregular  iu  out- 
line. AtYer  stimulation  nf  the  tyujpanic  nerve  tlie  cells  show  but  little  altera- 
tion, but  stimulation  of  the  symi»athetic  produces  a  marked  change  (Fig.  54). 
The  cells  become  smaller,  the  nuclei  more  rounded,  and  tlie  granules  more 
closely  packed.  This  last  apjiearanoe  seems,  however,  to  be  due  to  the  hard- 
ening n*agents  used.  A  truer  picture  of  what  m^urs  may  be  obtained  from  a 
study  of  sections  of  the  fresh  gland.     Langley,^  wiio  first  used  this  method, 

*  Oj/mpt^M  rc7K/u«,  cxTiii.,  4,  p.  168.        '  Arthw/Qr  AnnUmif  und  I^nologie,  1889,  8.  96. 
•  Jbunw/  of  Fhynoiogy,  1879,  vol.  ii.  p.  2«0. 
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deBcribee  his  results  as  follows :   When  tlie  uaimat  i^^  iu  a  fastiag  conditioa  the 
cells  have  a  granular  appearaaw  throughuut  their  suhstnnco,  the  outlines  of 


\A  nt  tho  rahhtt_  AftAr  aflmnlntlnn  nf  thn  KVTTiTM.th( 


no.  54.»Pftrotld  of  tbe  rabbit,  after  stlmulatioa  of  the  synipiLthetlo  (aft«r  BeideiUuiln). 

the  diflerent  cells  being  ibintly  marked  by  light  liues  (Fig.  55,  A),  When 
the  glnnil  is  made  to  secrete  by  giving  the  animal  food,  by  injecting  pilocarpine 
or  by  Btimulatiug  the  sympathetic  nerves,  the  granules  l>egin  to  disappear  from 
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FM.  56.— Pftrotld  fland  of  the  nbbtt  In  a  ftesh  state,  showing  portlnni  of  the  ■ccrrtlDg  tobolea:  A.  It> 
a  resting  condition :  B,  after  secretion  caused  by  pUocarptn ;  C,  after  stmn^r  H-crcUon,  pUocarpln  and 
stimulation  of  sympathetic ;  D,  after  luog-cuDtlnued  stimulation  of  sfniimtbetic  (after  Langlcy). 

the  outer  borders  of  the  cells  (Fig.  55,  B),  so  that  each  cell  now  sliows  an  outer 
clear  lx}rder  and  an  inner  granular  one.  If  the  stimulation  Is  continued  the 
granules  become  fewer  in  number  and  are  collected  nair  the  lumen  and  the  mar- 
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gins  of  the  oells,  the  clear  zone  increases  in  extent  and  the  cells  become  smaller 
(Fig,  65,  Cy  D).  Evidently  the  granular  material  is  usetl  up  in  some  way  to 
make  the  organic  material  of  the  secretion.  Since  the  ptyalin  is  a  eonspieuous 
organic  constituent  of  the  secretion,  it  is  assumed  that  the  grannies  in  the  rest- 
ing gland  contain  the  ptyalin,  or  rather  a  preliminary  material  from  which  the 
ptyalin  is  constructed  during  (he  act  of  secretion.  On  this  latter  a^umption 
the  granules  are  frequently  spoken  of  as  zymogen  granules.  During  the  act 
of  secretion  two  distinct  pro<^K?sscs  seem  to  be  going  on  in  the  cell,  leaving  out 
of  consideration  for  the  moment  the  formation  of  the  water  and  the  salts.  In 
the  first  place  the  zymogen  granules  undergo  a  change  such  that  they  are  forced 
or  dissolved  out  of  the  (.■ellj  and,  .second,  a  constructive  metalwlisra  or  an- 
abolism  is  set  up,  leading  to  the  formation  of  new  pmtoplasmic  material  from 
the  substances  contained  in  tho  blood  and  lymph.  The  new  material  thus 
formed  is  tlie  clear,  non-gramilar  substance,  which  appears  first  toward  the 
basal  sides  of  the  cells.  We  may  suppose  that  the  clear  substanoe  during  the 
resting  periods  underp;oes  metabolic  changes,  whether  of  a  katabolic  or  anabolic 
character  cannot  be  salely  a&riertetl,  leading  to  the  formation  of  new  granules, 
and  the  cells  are  again  ready  to  form  a  secretion  of  normal  composition.  It 
shouhl  be  borne  in  mind  that  in  these  experiments  the  glamls  were  .stimulated 
beyond  normal  limitii.  Under  ordinary  conditions  the  cells  are  probably  never 
depleted  of  their  granular  material  to  the  extent  represented  in  tlie  figures. 

In  the  cells  of  the  mucous  glands  changes  equally  marked  may  be  observed 
after  prolonged  activity.  In  stained  seotions  of  the  rcstinj^  gland^  aetiording 
to  Heideuhain,  the  cells  are  large  and  dear  (Fig.  56),  with  fiatteued  nuclei 
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Pio.&e— Mucous gUnd:  lubmazliluy  of  duff:  rut-       Fio.  .ST.-Hucoua  gland :  submaxJlUry  of  doc 
Int;  stage,  after  elgbt  houn'  Btlmulation  of  the  chorda  tjrm- 

placed  well  toward  the  base  of  the  cell.  When  the  gland  is  made  to  secrete 
the  nuclei  become  more  spherical  and  lie  more  toward  the  middle  of  the  cell, 
and  the  cells  themselves  beccmie  distinctly  smaller.  Ailer  prolonged  secretion 
the  changes  become  more  marked  (Fig.  57)  and,  according  to  Hcidonhain,.some 
of  the  mucous  cells  may  break  down  comfiletely.  Acconling  to  most  of  the 
later  observers,  however,  the  mucous  cells  do  not  actually  disintegrate,  but 


L 


SECRETION. 


229 


form  again  new  material  during  the  period  of  rest  a8  was  described  for  the 
goblet  cells  of  the  intestine.  In  the  rnupous  as  in  the  albiiminnns  cells  olv 
scrvations  upon  pieces  of  tlie  frrsh  gland  seem  to  give  more  reliable  results 
than  those  njwjn  |>reserved  wjK'fiinens.  Ijongley  '  has  shown  that  in  the  fresh 
mucous  cells  of  the  submaxillary  gland  numerous  large  granules  may  be 
discovered,  about  125  to  250  to  a  cell.  These  granules  are  comparable  to 
those  found  in  the  goblet  crells,  and  may  be  interpreted  as  consisting  of 
mucin  or  some  ]>reparatory  material  from  which  mucin  is  formed.  The 
granules  are  sensitive  to  reagents;  addition  of  water  causes  them  to  swell  up 
and  <Usappear.  It  may  be  assumed  that  this  imp[>ens  during  seerrtion,  the  gran- 
ule«  Ix'comiug  eonverte<]  to  a  mucin-mass  whicli  is  extruded  from  tlie  cell. 

Action  of  Atropin,  Pilocarpin,  aad  Nicotin  upon  the  Secretory 
Nervee. — The  action  of  drugs  upon  the  sidivary  glands  and  their  secretions 
belongs  projK'rIy  to  phnrmaeology,  lint  the  effects  of  ihe  three  drugs  men- 
tioned are  so  de(rided  that  they  have  a  peculiar  ph^'siologic^I  interest.  Atro- 
pin  in  small  doses  injected  either  into  the  blood  or  into  the  gland-<luot 
prevents  the  action  of  the  cerebral  fibres  (tym{Kinic  nerve  or  chorda  tympani) 
aptm  the  glands.  This  effet^t  may  be  explained  by  a&sumiug  that  the  atn>pin 
paralyzes  the  endings  of  the  <'erebral  fibres  in  the  glands.  That  it  does  not 
act  directly  upon  tlie  gland-e<'lls  themselves  seems  to  be  assured  by  the  inter- 
eating  fact  that  with  thtscs  suificieiit  Ut  throw  out  entirely  the  secreting  action 
of  the  cerebral  fibres,  the  sympathetic  fibres  are  still  effective  when  stimulated. 
Pilocarpiu  has  directly  the  oppjsite  efftrt  to  atropin.  In  minimal  doses  it 
aet«  up  a  i-outinuous  secretion  of  saliva,  whicli  may  be  explained  upon  the 
supposition  that  it  stimulates  the  endings  of  the  secretory  fibres  in  the  gland. 
Within  wrtain  limits  these  drugs  antagonize  each  other — that  is,  the  effect  of 
piloctirpin  may  be  removeil  by  the  subsequent  application  of  atropin  and  vioe 
9er$a,  Nicotiu,  according  to  the  experiments  of  Ijangley,'  prevents  the  action 
o^  the  secretory  nervt's,  nut  by  action  on  the  gland-cells  or  the  endings  of  the 
n»Tve-fibres  round  them,  but  by  paralyzing  the  connections  between  the  nerve- 
fibres  and  the  ganglion  cells  tliniugh  whH*h  the  fibres  pass  on  their  way  to  the 
gland.  If,  for  example,  tlu'  su[M'rior  cervical  g:mglion  is  painted  with  a  solu- 
tion of  nicotin,  stimnlatioji  of  the  cervical  symjKilhetic  below  the  gland  will 
give  no  sccreti<m  ;  stimulation,  however,  of  the  fibres  in  the  ganglion  or 
Iwtween  the  ganglion  and  gland  will  give  the  usual  effect.  By  the  use  of 
this  dnig  I^angley  is  led  to  believe  that  the  eellsof  the  so-called  submaxillary 
ganglion  are  really  intercalateil  in  the  course  of  the  fibres  to  the  sublingual 
gland,  while  the  nerve-cells  with  whiih  the  submaxillary  fibres  make  con- 
nection are  found  chieflv  in  the  hilits  of  the  gland  itself. 

Paraljrtic  Secretion. — A  remarkable  phctKutiemm  in  coiu)o<*tion  with  the 
salivary  glands  is  the  so-called  pandytic  secretion.  It  has  been  known  for  a 
lr>ng  time  that  if  the  chorda  tynifmni  is  cut  the  fluhmaxillnry  glan*!  af^er  a  cer- 
tain lime,  one  to  three  (hiys,  begins  to  secrete  slowly  aud  the  secretion  contin- 

>  Journal  of  Physiolo^/,  1889,  To|,  x.  p.  433. 

'  Froeeedingt  of  the  Hoyat  Noa«(y,  London,  1889,  rol  xlrt  p.  423. 
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ues  nnintemipt^^dly  fur  a  long  poriod — as  long,  perhaps,  as  sovcral  weeks — and 
eventually  the  (i;laiul  itself  undergoes  atniphy.  Langley  *  stat**H  that  section 
of  the  rhorda  on  one  Jiide  is  ftfllowod  by  a  ctuitiauous  secretion  from  the  glands 
on  both  sides  ;  t!ie  .secre-tion  f"nnu  thf'  giant  J  of  llie  opposite  sido  he  designates 
as  the  antipanilytie  or  antilytic  secretion.  After  Becti4m  of  the  chorda  the 
nerve-fihres  penpheral  to  the  section  degenerate,  the  prrw-ess  being  com- 
pleted within  a  few  days.  These  fibres,  however,  do  ni>t  run  directly  to  the 
gland-eell ;  they  terminate  in  end-arborizations  round  synijwthetie  nerve-<?eU8 
jdaced  someudere  along  their  course,  in  the  eiiib-lingual  ganglion,  for  instance, 
or  within  the  crland  substance  itscdf.  It  is  the  axons  from  these  second  nerve 
units  that  end  round  the  secreting  cells.  I*ingley"has  aecnniulated  some 
faints  to  show  tluit  witliiu  tlie  ]>eriod  of  continmuu'e  of  (be  paralytic  secretion 
(5  to  6  weeks)  the  fibres  of  the  symjiatlntic  eells  are  still  irritable  to  stimula- 
tion. He  is  inclined  to  believe  tlieivfore  tlint  (he  {continuous  secretion  is  due 
to  a  enntinnous  excitatinii,  fri^ni  some  ransc,  nf  ihr  hM^-al  nervous  mechanisiu 
in  th(*  gland.  On  t!ie  oIIkm*  band,  It  is  p(jssil>lo  that  the  mere  cessation  of  the 
norm;il  nduHi  of  tbeehonla  Jibres  ts  (bllowed  by  an  altertsl  nietabulisin  in  the 
gland  cells  of  such  a  nature  as  to  cause  a  continuous  feeble  secretion. 

Normal  Mechiiniem  of  Salivary  Secretion. — Under  normal  conditions 
the  How  of  saliva  from  tlie  salivary  glands  is  the  result  of  a  retlex  stimulation 
of  the  secretory  nerves.  The  sensory  fibres  concerned  in  this  reflex  must  be 
chiefly  fibns  of  the  glo.sso-pharynge:jl  iind  lingual  nerves  J^upplying  the  mouth 
and  t<ingue.  Saj>id  iMjdies  and  various  otbrr  eliemieal  or  meehaniral  --limuli 
applied  to  the  tongue  or  mucous  membrane  of  the  ujouth  will  jirmbice  a  How 
of  .-^iliva.  The  normal  flow  during  mastication  must  be  efifeeted  by  a  reflex 
of  ttiis  kintl,  the  seni^ory  impulse  being  erirried  fn  a  centre  and  thenee  trnns- 
mittetl  tlirough  the  efVerenl  [lerves  to  the  glands.  It  is  found  thiit  section  of 
the  chorda  prevents  the  rcHexJn  spite  of  the  fact  that  tlie  sympathetic  tibree 
are  still  intact.  No  satisfactory  explanatinn  of  the  uornial  functions  of  the 
secretory  fibres  in  the  .symj)a(lir(ii!  lias  yet  been  giveu.  \'Mrious authors  have 
suggested  that  possibly  the  three  large  salivary  glands  respond  normally  t4) 
different  stimuli.  This  view  has  lately  been  supported  by  Pawlow,  who 
reports  tbat  in  the  dog  at  least  the  parotid  and  the  submaxillary  may  react 
quite  diflerently.  When  fistulas  were  made  of  the  duets  of  these  glands  it 
was  found  that  the  gnbmaxillary  re.spondetl  readily  to  a  great  nuudxT  of 
stimuli,  aiK'li  as  the  sight  of  fomi,  chewing  rd'  meats,  acids,  etc.  The  parotid, 
on  the  contrary,  seemed  to  react  only  M'b{n  dry  food,  dry  powdered  meat,  or 
bread  was  placed  in  the  mouth.  Dryness  in  this  case  seemed  to  be  the 
efficient  stiiuulus.  Since  the  flow  of  saliva  is  normally  a  definite  reflex,  we 
should  expect  a  distinct  salivary  secretion  centre.  This  centre  has  been 
located  by  physiological  means  in  the  medulla  oblongata ;  its  exact  position 
is  not  clearly  defined,  but  possibly  it  is  represented  by  the  nuclei  of  origin  of 

'  Proc^etlingM  of  the  Royttl  Sueietij,  London,  ISSS,  No.  236. 
'  Text-book  of  Physiology,  edited  bj  Scliiiicr,  1898. 
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the  secretory  fibres  which  leave  tiie  medulla  by  way  of  the  facial  and  glogso- 
pharyngeal  nerves.  Owing  to  the  wide  (^tine<"tionfl  of  nerve-cells  in  the 
central  nervous  systi'in  we  shoutd  *'.x|)ect  this  centre  to  he  uflVM-ti'il  by 
stimuli  from  variouis  gotirees.  Ah  a  matter  of  fact,  it  in  known  tliat  the 
centre  and  through  it  the  glands  may  be  called  into  activity  by  stiroiilation  of 
the  scnsnrj'  fibres  of  tlie  sciatic,  splanchnic,  and  particnlarlv  the  vagtJ?  norvcs. 
8*\  too,  various  psychical  acts,  such  as  the  thouplit  of  savory  food  and  the 
feeling  of  nausea  prcccfling  vomiting.  n»ay  be  accompanied  by  a  flow  of  saliva, 
the  effect  in  this  case  lieing  due  probablv  to  stimulation  of  the  secretion  centre 
by  nervous  impulses  desccndijig  from  the  higher  ncrve-i-entres.  La.stlv,  the 
roedullary  centre  may  Iw  inhibited  a.^  well  as  stimulate<l.  The  well-known 
effect  of  fear,  embarrassment,  or  anxiety  in  pnHlucing  a  j^rched  throat  may 
be  sup[iosei]  to  arise  in  this  way  by  thf  inliiititory  action  of  ncrve-impidse^ 
arising  in  the  ccrebml  centres. 

Electrical  Changes  in  the  Gland  during  Activity. — It  has  been  showu 
that  the  sidivary  as  well  ns  other  ghnids  siiffi^r  f»erlain  changes  in  electric 
potential  during  activity  wliich  are  comparable  in  a  general  way  to  the 
"action  currents"  observed  in  muscles  and  nerves  (see  section  on  Muscle  and 
Nerve).  The  thforics  boaniig  upon  the  causes  of  these  electricjd  chauires  are 
too  intricate  ami  K|H"cuhitive  to  enter  upon  here.  Tlic  reader  is  reterred  to 
an  account  given  by  Biedennaun '  for  further  details. 


C.  Pancreas,   Glands  of  the  Stomach  and  Intestines. 

Anatomical  Relations  of  the  Pancreas. — The  jKincreas  in  man  lies  in 
the  ainliMuinal  uivity  behind  the  stomach.  It  18  a  long,  narrow  gland,  its 
head  lying  against  the  curvature  of  the  (Juodenum  and  its  narrow  extremity 
or  tail  reaching  to  the  spifcn.  The  chief  diiot  of  tiie  gland  (duct  of  Wirsnug) 
usually  ojwus  into  the  duodeuum,  tt»gL'ther  with  the  common  bile-duct,  alxait 
eight  to  ten  oentimetere  below  the  pylorus.  In  some  cases,  at  least,  a  smaller 
duct  may  enter  the  duiKlenum  separately  somewhat  lower  down.  The  ixunts  at 
Mdiich  the  ducts  of  tljf  j)a]icreas  o^jcu  iut(»  the  du<Mieuum  varj'  t^nsidcrably  in 
different  animals.  For  iustauoe,  in  the  dog  there  are  two  ducts,  the  larger  of 
which  enters  the  dutKlennm  separately  about  six  to  seven  centimeters  below 
the  pylorus,  while  in  the  rabbit  the  main  duct  of>eus  into  the  duodenum  over 
thirty  centimeters  lx'l(>w  the  pylorus.  The  nerves  of  the  imucreas  are  derived 
from  the  bolar  pkxns,  but  pliysiological  exiKTiujentft  which  will  be  dcscril>od 
presently  show  that  tlie  glami  receives  fibres  from  at  least  two  sources,  through 
the  vagus  nerve  and  through  the  symi^ithetic  system. 

Histological  Characters. — The  pancniL-^,  like  the  salivary  glands,  belongs 
to  the  eomi>juuil  tubular  type.  The  wUs  in  the  secreting  portions  of  the 
tubules,  the  so-calUtJ  alveoH,  belong  to  the  serous  or  albuminous  ty|)«',  and  are 
usually  charactcriKcd  by  the  fact  that  the  outer  jiortiun  of  eacli  cell,  that  is, 
Uie  part  toward  the  basement  membrane,  is  composed  of  a  clear  non-glandular 

■  £kktnpk^0U)hffi«,  JenR,  1895. 
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substance  that  takes  stains  roudily,  while  the  inner  portion  turned  toward 
the  lumen  is  filled  with  conspicuous  granules.  In  addition  to  this  type  of 
cell,  whirh  is  the  ehnraf*t4>ri3tic  seorotiiig  elonjent  of  the  orpan,  the  pancreas 
contains  a  number  of  irregular  masses  ol'  cells  of  a  dllfLTout  character  (bodies 
of  Langcrhans).  These  latter  colls  are  clear  and  small,  frequently  have  ill- 
defined  oell-bodies,  but  contain  nuclei  which  stain  readily  with  ordiuarj* 
reagents.  By  S4^>nie  these  cells  are  supposcii  to  be  initnature  secreting  cells  of 
the  ordinary  pancreatic  type.  By  others  it  is  thought  that  they  are  a  separate 
type  of  cell  and  take  some  special  part  in  the  secretory  functions  of  the  pan- 
creas. Nothing  definite^  however,  is  known  as  to  their  physiological  imjwrt- 
ance. 

Composition  of  the  Pancreatic  Secretion. — The  pancreatic  secretion  is 
a  clear  alkaline  liquid  which  iu  some  animals  (dog)  is  thick  and  mucilaginous. 
Its  physical  chamctci*s  seem  to  vary  greatly,  even  in  the  same  animal,  accord- 
ing to  the  duration  of  the  seci-etiou  or  the  time  since  the  establishment  of  the 
fistula  by  which  it  is  obtained  (see  p.  300).  In  a  newly  nuidc  fistula  in  the 
dog  the  secretion  is  thick,  but  in  a  permanent  fistula  it  becomes  much  thinner 
and  more  watery.  The  main  constituents  of  the  secretion  are  three  enzymas, 
a  large  percentage  of  proteid  material  the  exact  luiture  of  which  is  not  known, 
some  fat,Sj  soaps,  a  slight  amount  of  lecithin,  and  inorganic  salts.  The  strongly 
alkaline  nature  seems  to  be  due  chiefly  to  sodium  carbonate,  wliich  may 
be  present  iu  amouut^n  etjual  to  0.2  to  0,4  |>er  cent.  The  three  enyztues  are 
known  respectively  as  trypsin,  a  proteolytic  ferment;  amylopsiu,  a  diastatic 
ferment,  and  steapsin,  a  fat-splitiug  ferment.  The  action  of  the^^e  enzymes 
in  dige>*tiijn  is  descrilx'd  iu  the  scctitm  on   Digestion. 

Action  of  the  Nerves  on  the  Secretion  of  the  Pancreas. — In  uuinials 
like  the  dog,  in  whicli  the  process  of  digestion  is  not  continuous,  tlie  secretion 
of  the  pancreas  is  also  supj>osed  to  be  intermittent,  A  study  of  the  flow  of 
secretion  as  ol>s<.TVpd  vk\  cj!ses  of  jiamTcalic  lislula  imliuUes  that  it  is  ctinnected 
with  the  beginning  iff  digestion  iu  the  stomach,  aud  is  therefore  probably  a 
reflex  act.  Uulil  recently,  however,  little  direct  evidence  had  been  obtained 
of  the  existeuce  of  secretory  nerves.  StiniulalJon  of  the  medulla  was  known 
to  increase  the  flnw  of  pancreatic  juiw  and  to  alter  its  composition  as  regards 
the  organic  constituents,  hut  direct  stimulatitm  of  the  vagus  and  the  sympa- 
thetic nerves  gave  only  negative  results.  Lately,  however,  Pawlow'  and  some 
of  his  students  have  l)een  able  to  overcome  the  tet^hnicul  di(Ti<'ulties  in  the  way, 
aud  have  given  what  seems  to  be  jwrftiolly  satisfactory  proof  of  tlie  existeuce  of 
distinct  secretory  fibres  comparable  in  their  nature  to  tliose  described  for  the 
salivary  glands.  The  results  thai  they  have  obtained  nmy  be  stated  briefly  as 
follows  :  Stimulation  of  cither  the  vagus  nerve  or  tlie  sympathutic  causes,  ai\er 
a  considerable  latent  period,  a  marked  flnw  of  pancreatic  secretion.  The  failure 
of  other  experimenters  to  get  this  result  was  due  apparently  to  the  sensitive- 
ness of  the  gltmd  (o  variations  in  its  blood-supply.     Either  direct  or  reflex 

»  Pawlow:  J>u  Bau-JUymrnxd^B  AreHw  /ur  PkygUiiogie,  1893,  Puppl.  Bd. ;  Mott :  Ihid^  1894; 
Kudrewetsky:  /6j</.,  1894  ;  P&wlow:  DU  Arhfit  der  Fm/auunynffwen,  Wiesbaden,  1898. 
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vaso-constrictitm  of  the  parurri'as  prevent.**  tlio  iictioii  of  tlie  seflretory  nerves 
upon  it.  Thus  stimulation  of  the  sympathetic  gives  usually  no  effect  upon 
the  secretion,  because  vaso-constrictor  fibres  are  stiniulattM.1  :it  the  same  time, 
hut  if  the  sympathetic  nerve  is  cut  tive  or  six  days  previously,  so  as  to  give 
the  vaso-constrictt>r  fibres  time  to  degenerate,  stimulation  will  cause,  after  a 
lon^  latent  period,  a  distinct  secretion  of  the  pancreatic  juice.  A  einiihir 
result  may  be  obtained  fro?n  stimulaiinj;  tht*  imdogenerated  nerve  if  mechani- 
cal stimulation  is  substituted  for  the  i^eetrical. 

Tlu!  long  latent  period  elapsing  between  the  time  of  stimulation  and  the 
effW^t  upon  the  flow  is  not  easily  nndorst<KMj.  The  autliors  quoted  do  not 
give  an  entirely  S4itisfact<:>ry  explanation  of  tJiis  curious  fact,  but  sug^^cst  that 
it  may  be  due  U*  the  presence  of  definite  inhibitory  fibres  to  the  gland,  which 
are  stimulated  simultaneously  with  the  secretory  fibres  and  thus  hold  the 
secretion  in  check  for  a  time.  The  existence  of  inhibitory  fibres  is  rendered 
pnibablc  by  several  interesting  experiments,  for  au  account  of  which  the 
original  sources  must  be  consulted,* 

Histologrical  Changres  during  Activity. — The  morphological  changes  in 
the  ]>anereatic  cells  have  loug  l>een  known  and  have  Ix.'cn  studied  satisfac- 
torily in  the  fresh  gland  as  well  as  in  preserved  s{>ecimens.  The  general 
nature  of  the  changes  is  the  same  as  that  described  for  the  salivary  gland, 
and  is  illustrated  in  Figures  68,  59,  and  60.  If  the  gland  is  removetl'  from 
a  dog  which  has  been  fasting  for  about  twenty-four  houis  and  is  hardened 
in  alcohol  and  sectioned  and  stained,  it  will  lie  found  that  the  cells  are  filled 
with  granules  except  for  a  narrow  zone  toward  the  basal  end,  which  is  marked 
off  more  clearly  l)ecause  it  stains  more  deeply  than  the  granular  portion  (Fig. 
58).     If,  on  the  contrary,  the  gland  is  taken  from  a  dog  which  had  been  fed 


Fie.  M.— FaooKM  of  the  dog  durioif  bnn^r ;  prvservcd  In  ftlcobol  and  ttAlned  In  cvmlne 

(Kfter  HcidenhAln). 

six  to  ton  hours  previously,  the  non-staining  granular  zone  is  much  reduced  in 
WM,  while  the  clearer  non-granular  zume  is  enlai^^?d  (Fig.  59).  The  increa>*e 
in  size  of  the  non-granular  zone  does  not,  however,  entirely  compensate  for 

•  P»wl.)w:  Bit  Arbeit  Her  Vfrdawinywtniten,  p.  78,  Winbaden,  18»8, 
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the  loss  of  the  granular  material,  so  that  the  cell  as  a  whole  is  smaller  in 
Hize  than  in  the  ^land  from  the  fastiug  animal.  It  seems  evident  that  during 
the  hours  immediately  following  a  meal — that  is,  at  the  time  when  we  know 


Fio.  M).— Panoreu  of  doc  during  first  sUgc  of  digualfDn ;  Alcohol,  carminu  (after  Heldenhatn). 

that  tJie  gland  is  discharging  its  secretion,  the  granulur  material  is  being  used 
lip.  After  the  cessation  of  artivp  secrption — that  i.s^  (luring  tlio  tenth  to  the 
twentietli  hour  after  a  meal  in  llie  case  of  a  dog  fed  inut.'   in  twenty-four 


lOU 


Pio.  00.— Paacrtsas  of  dogdurlug  second  atago  of  dlgestinn .  rLlcohol,  carmine  {after  Ileldenh&lnt. 

the  gland-oells  return  to  their  resting  condition  (Fig.  00").     New  gran- 


ales  are  formed,  and  finally,  if  the  gland  Is  left  unstimulated  they  fill  the 
entire  cell  except  for  a  narrow  margin  at  the  Imsnl  end, 

SiiTiilur  results  are  rejiortcKl  by  Kiihne'  and  I^ea  from  observations  made 
UjK>u  the  j>iuicreas  cells  in  a  living  rabbit.     In  tfie  inactive  gland  the  outlines 

'  UnUrtmehungm  aus  dan  phyniolo^iteken  Inatitui  da  Ifniversit&U  Hriddberg^  1882,  Bd.  ii. 
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of  the  iudivi<hml  cells  are  not  clearly  dislinguieliablM,  but  it  can  l>e  seen  that 
thereai'etwu  z(lne^I,  one  dear  uiul  liuiuogeueuiis on  tiie^tilt*  towintl  the  busemcut 
membrane,  and  one  granular  on  the  side  toward  the  lumen.  Daring  activity 
the  secretory  tubules  show  a  notched  a(>|>oarance  corresjwndiug  to  the  jiositious 
of  the  caW^^  tlto  outlines  of  the  wHh  Urt^me  more  distiurt,  thi'  gr.inular  zone 
becomes  smaller,  and  the  homogeneous  zone  increases  in  width.  It  should  be 
fluted  also  that  in  this  latter  condition  the  lia-^al  zone  of  the  cells  showj*  a  dis- 
tinct strinlion.  Trotii  these  aj>|>pan»n('etii  we  nuist  Ixdieve  that,  as  in  the  case 
of  the  salivary  gland,  a  |>art  at  least  of  the  organic*  material  of  the  secretion  is 
formal  from  the  granules  of  the  inner  zone,  and  that  the  gnniules  in  turn  are 
formed  within  the  cells  from  the  homogenous  material  of  the  outer  xonc. 

Enzyme  and  Zymogen, — The  observations  just  deikTil>ed  indicate  that  the 
enzymes  of  tiie  i>ancrealic  se<Tetion  are  derived  from  the  granules  in  the  evils, 
but  other  facts  show  that  the  granules  do  not  contain  the  enzymes  a-*  suchr  hut 
a  prepariitory  material  or  molher-substancc  to  which  the  name  zymogen 
(enzyme- maker)  is  given.  This  belief  rests  upon  facts  of  the  following  kind  : 
If  a  pancreas  is  removed  from  a  dog  that  has  fasted  for  twcnty-fi>ur  hours, 
when,  xs  we  have  seen,  the  t^lls  are  heavily  loade<l  with  granules,  and  a  glycerin 
extract  is  made,  very  little  active  enzyme  will  be  found  in  it.  If,  however, 
the  gluufl  is  nllowe<l  to  stand  for  twcnty-ftnir  hours  in  a  warm  ajxjt  before  the 
extnict  is  made,  or  it*  it  is  tirst  trnUe<l  with  dilute  acetic  acid,  the  glycerin  ex- 
tract will  show  very  active  tryptic  or  amylolytic  properties.  Moreover,  if  an 
inactive  glycerin  extract  of  the  perfectly  fresh  ghunl  is  treatet!  by  various 
methods,  such  as  dilution  with  water  or  shaking  with  iinelv  dividnl  platinum- 
black,  it  l>ecomes  converted  to  an  active  extract  ca|jable  of  digesting  proteid 
material.  These  results  are  readily  explained  upon  the  hy]v>thesi8  that  the 
granules  contain  only  zymogen  material,  which  during  the  act  of  secretion,  or 
by  means  of  the  mcthixls  raentitin«l,  may  be  converted  into  the  corresponding 
enzymes.  As  the  three  enzymes  of  the  ptuicreatic  secretion  seem  to  be  distinct 
substances,  one  may  suj>p<:»se  that  each  li:is  it  own  zvmogen  to  which  a  distinc- 
tive nanie  might  be  given.  The  zymogen  that  is  converted  into  tryi»sin  is 
frequently  spoken  of  as  trypsinogen. 

Normal  Mechanism  of  Pancreatic  Secretion. — After  the  establishment 
of  a  pancreatic  Hstula  it  is  possible  to  study  the  How  of  secretion  in  its  rela- 
tions to  the  ingestion  of  food.  Experiments  of  this  kind  have  been  made. 
They  show  that  in  animals  like  the  dog,  in  which  sufficient  food  may  Im*  taken 
in  a  single  meal  to  last  for  a  day,  the  flow  of  .secretion  is  intimately  connected 
with  the  reception  of  footl  iut^i  the  stomach  and  its  subseipient  digestive 
change.**.  The  time  relations  of  the  secretion  to  the  ingestion  of  food  are 
shown  in  the  accompanying  chart  (Fig,  61).  The  9e<*retion  begins  immedi- 
ately after  the  food  enters  the  stomach,  and  increases  in  velocity  up  to  a  oer- 
taiu  maximum  which  is  reached  some  time  between  the  first  and  the  third  hour 
after  the  meal.  The  velocity  then  diminishes  rapidly  to  the  fifth  or  sixth 
hour,  after  which  there  may  be  a  second  smaller  increase  reaching  its  maxi- 
mum about  the  ninth  to  the  eleventh  hour.     From  this  point  the  secretioa 
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^^^H         diminishes  in  quantity  to  the  sixteenth  or  seventeenth   Jiour,   wheu    it   has 
^^^^1        practically  readied  the  zero  point.     In  man,  in  whom  the  meals   uortually 
^^^^1         oecur  at  intervals  of  five  U>  six  hours,  this  curve  of  course  would  have  a  dif- 
^^^H         ferent  form,     Tiie  interesting  fact,  however,  that  the  secretion  starts  very  soon 
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ably  after  these  substances  have  reached  the  duodenum.  Moreover,  Pawlow 
has  g^ven  proof  tliat  the  secretion  of  the  pancreas  varies  in  botli  quantity  and 
quality  with  tin*  nature  of  the  food.  Indeed,  there  seem  to  be  indications  of 
a  specific  relationi*hip  between  the  food  and  the  composition  of  the  secretion, 
albuminous  food  giving  a  secretion  with  a  greater  digestive  action  on  pro- 
teids;  oily  foods,  a  secretion  with  a  larger  amount  of  fat-splitting  enzymes, 
and  so  on.  If  this  relationship  is  shown  to  exist,  it  forms  an  adaptation  whose 
mechanism  is  very  obscureJ 


Glands  of  the  Stomach. 

HiBtoloerical  OharacteriBtics. — The  glands  of  the  gastric  macous  mem- 
brane belong  pRKrtically  to  the  ty|)e  of  simjile  tu[)ular  glands;  for,  although 
two  or  more  of  the  simple  tubes  may  possess  a  common  opening  or  mouth, 
there  is  no  system  of  ducts  such  as  prevails  in  the  comp<)uud  glands,  and  the 
divergence  from  the  simplest  form  of  tubular  gland  is  very  slight.  Kaeh  of 
theM'  glands  possesses  a  relatively  wide  mouth,  lintHJ  with  the  columnar  epi- 
thelium found  on  the  free  surface  of  the  gastric  membrane,  and  a  longer,  nar- 
rower secreting  part,  which  penetrates  the  thickness  of  the  mucosa  and  is  lined 
by  cuboidal  cells.  The  glands  in  the  pyloric  end  of  the  stoniac^h  differ  in  gen- 
eral appearance  from  those  in  the  fundic  end,  and  ai'c  especially  characterized 
by  the  fact  that  they  possess  only  one  kind  of  secretory  cell,  while  the  fundic 
glands  contain  two  api^rently  distinct  ty|>€s  of  cells  (Fig.  G4).  The  hinieu  in  the 
latter  glands  is  liuetl  by  a  continuous  layer  of  short  cylindrical  cells  to  which 
Heidenhaiu  g;ive  the  name  of  chief-oclls.  These  cells  are  apparently  concerned 
in  the  formation  of  [M-psin,  the  proteolytic  enzyme  contained  in  the  gastric  secre- 
tion. In  addition  there  are  present  a  number  of  cells  of  an  ovat  or  triangular 
shape  which  are  ptaeed  close  to  the  basement  membrane  and  do  not  extend  quite 
to  the  main  lumen  of  the  gland.  These  cells  are  not  found  in  the  pyloric  glands; 
they  are  known  by  various  names,  such  as  bonJer-cells,  parietal  cells,  oxyntic 
ceils,  ete.  Tlie  last-mentioned  name  has  been  given  to  them  because  of  their 
supposed  connection  with  the  formation  of  the  acid  of  the  gastric  secretion.  The 
nature  and  function  (>f  these  border-cells  have  been  the  subject  of  much  discus- 
sion. From  the  histological  side  they  have  been  interpreted  as  representing 
either  immature  forms  of  the  chief-cell,  or  else  the  active  modification  of  this 
cell.  Recent  work,  however,  seems  to  have  demonstrated  that  they  form  a 
specific  type  of  cell,  and  probably  therefore  have  a  specific  function.  An 
interesting  histolt>gical  fa<Tt  in  (-ounection  with  the  parietal  cells  is  that,  in  the 
human  stomach  at  least,  they  frequently  contain  several  nuclei,  five  or  six, 
and  some  of  these  seem  to  be  derived  from  ingested  leucocytes.  They  are 
interesting  also  is  the  fact  that  tlicy  contain  distinct  vacuoles  that  seem  to 
apiM»ar  some  time  aftvr  digvstion  has  begun,  reach  a  maximum  hize,  and  then 
gradually  grow  smaller  and  (inally  disappear.     Like  the  similar  phenomenon 

*  For  other  interexiop  facts  b«*nng  upon  the  mechaniim  of  pancreatic  secrelioo,  »e«  Walter : 
Arehiwi  dta  Scieneea  buAoyique^t  1899,  I.  vii.  p.  1. 
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describeil  for  other  gland-cells  (p.  226),  tins  appearance  is  possibly  oonuecteil 

with  the  formation  of  the  secretion. 

Tlie  duet  of  a  gustrie  gJiind  was  formerly  suppose{I  to  be  a  simple  tube 

exteuding  the  length  of  the  gland.  A  niiiiiU'r  of  recent  oK^-crvers,  however, 
have  Khowu,  by  the  use  of  the  Golgi  staiu,  that  this 
view  is  not  entirely  correct,  nt  least  not  for  the  glands 
in  the  iuiiiius  in  which  honler-wlLs  :ire  present.  In 
these  glands  the  central  lumen  iicndd  ofi'side  channels 
that  ]>ass  to  the  bordcr-coIU  ami  tlu^re  form  a  net- 
work of  anjali  ca|)illarie.s  lying  either  in  or  round 
the  cell.*  An  ilbistration  of  the  duct-system  of  a 
fnntlic  inland  U  given  in  Figure  62.  If  this  work 
is  cHirrtiut  it  would  Mcern  that  the  chicf-eclls  cora- 
FiG. fix.— Ducts aud accretion     uiunioate  directly  with  the  central  lumen,  but  that 

Vf^^!^  ^  T"!,"***  n'r'    tl**^  bonler-eells  have  a  .system  of  secretion  capillaries 

(ilAnd  nttm  the  fundiiji  nf  cat  n  ^  •  I 

Biomach  (ftfWr  Langendortr  of  their  own,  rcsentbliug  in  this  respect  the  donii- 
luues  of  the  mucous  salivary  glands  (p.  220).  This 
fact  tends  to  corroborate  the  statement  previously  mode,  that  the  border-cells 
form  a  distinct  type  of  i-cll  who^e  function  is  probably  diiferent  from  that 
of  the  chief-cells. 

Composition  of  the  Secretion  of  the  QaBtric  Mucous  Mombrane. — 
The  .secretion  as  it  is  ]X)nre<l  out  on  the  surface*  of  th"?  tuucou^  iiienibraue  is 
conipotwHl  of  the  true  secretion  of  the  gastric  glands  together  with  more  or  less 
mucus,  which  in  added  by  the  columnar  cells  lining  the  surface  of  the  mem- 
brane and  the  mouths  of  tfie  glands.  In  addition  to  the  mucus,  water,  and 
inorganic  salts,  the  secretion  contains  as  its  characteristic  constituents  hydiif- 
chloric  acid  and  two  enzymes — namely,  pejisin  which  acts  upon  proteids,  and 
rcnnin  which  has  a  specific  coagulating  ("ffect  u|>on  tlie  casein  of  milk.  For  an 
analysis  of  the  gastric  secretion  of  the  dog  wee  p.  2^*8.  According  to  Heiden- 
hain,^  the  secretion  fmm  the  pyloric  end  of  the  stomach  is  characterized  by  the 
absence  of  hydrochloric  acid,  although  it  still  contains  jjopsin.  This  statement 
rests  U[)on  careful  cxp'riments  in  which  the  pyloric  end  was  entirely  resected 
and  made  into  a  blind  punch  which  was  then  suturcil  to  the  aUiominal  wall 
to  form  a  fistula.  In  this  way  the  secretion  of  the  pyloric  end  oould  be  obtained 
free  from  mixture  with  the  secn'tti>n  of  aiiv  other  part  of  the  alimentary  canal. 
By  tliis  uieans  Heidenhaiu  found  that  the  pyloric  secretiuu  is  an  alkaiinu  liqtud 
containing  pe[)siu.  This  fact  forms  the  strongest  evidence  for  lieidenhaia's 
hypothesis  that  the  HCl  of  the  normal  gaslrie  secretion  is  produced  by  the 
'*  border-cells  "  of  the  fuiidlc  glands  and  the  (K'psin  by  the  "chief-cells/'  since 
HCl  is  formed  only  in  parts  of  the  stomach  containing  bortler-cells,  whereas 
the  pepsin  is  produced  in  the  pyloric  end,  where  only  chief-cells  are  present. 

Evidence  of  this  character  is  naturally  not  very  oonvincing,  and  the  hypoth- 


'  Langendorfl*  and  LaAerstein:  Vj^ga'a  Arthiv  fur  die  ffe»ammt£  PHynoloffie,  1894,  Bd.  Ir.  H. 
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*  Ardkiv  Jur  du  gtmmmU  Phytiologu,  1878,  Bd.  xviU.  S.  169,  also  Bd.  xlx. 
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esis,  esipecially  that  pm-t  coimectiog  the  boixler-cells  with  the  forniation  of 
HCI,  can  only  he.  acoppted  provisionally  until  further  investigation  coufirma 
or  disproves  it.  It  should  be  statcil  that  the  alkiilinity  of  the  secretion  obtained 
froMi  tilt'  pyloric  u:lauds  liy  Heiilonhaiu's  method  has  l)een  attributed  by  some 
authors  to  the  abnormal  a>ndttions  prevailing,  especially  to  the  section  of  the 
vaj^us  fibres  tlmt  ucccssarily  results  fn>m  the  operation.  Contejean*  asserts 
that  the  reaction  of  tlie  pyloric  nieiubrane  uuder  normal  eouditions  is  acid  in 
Spite  of  the  absence  of  border-<^Ils. 

Influence  of  the  Nerves  upon  the  Gastric  Secretion. — It  has  been  very 
diflieult  to  obtain  direct  evidence  of  the  existence  of  extrinsic  .secretory  nerves 
to  the  gastric  glands.  In  the  hands  of  mo&t  experimenters,  stimulation  of  the 
vugi  and  of  the  sympathetica  has  given  negative  results,  and,  on  the  other 
hand,  section  of  these  nerves  does  not  seem  to  prevent  entirely  the  formation  of 
the  gastric  secretion.  There  are  on  reconl,  however,  a  nund)er  of  ob.servationa 
that  point  to  a  direct  influence  of  the  central  nervous  system  on  the  secre- 
tion. Thus  Bidder  and  Solimidt  foinul  that  in  a  hungry  dog  with  a  gastric 
fistula  (piigo  288)  tlie  mere  sight  of  IIiimI  raustd  a  flow  of  ga.stri(!  juioe ;  and 
Richet  reports  a  case  of  a  niau  in  whom  the  o^sophagtLs  was  completely  oc- 
cluded and  in  whom  a  gastric  fistula  was  established  by  surgicd  operation. 
It  was  then  found  that  savory  fomls  chewed  in  the  mouth  prtKluced  a  marked 
flow  of  gastric  juioe.  There  would  seem  to  be  no  ch-ar  way  of  explaining  the 
secretions  in  these  copses  ex<'ept  u|)on  the!inp(>o5itioii  that  they  worecausetl  by  a 
reflex  stimulation  of  the  gastric  mucous  membrane  tlirough  the  central  nervous 
system.  These  casts  are  stmngly  supported  by  some  recent  cx|)erimental 
work  ou  dogs  by  Paw  low  *  aud  Schunioua-Simanowskaja.  These  observers 
used  dogs  in  which  a  gastric  fistula  had  l^een  estabiishe*!,  and  in  which,  more- 
over, the  oesophagus  had  been  divided  iu  the  neck  and  the  upjier  and  lower 
cut  surfaces  brought  to  the  skin  and  sutured  so  as  to  make  two  fistulous 
upeutDg^.  In  these  animals,  therefore,  finxl  taken  into  the  mouth  and  sub.se- 
quently  swallowetl  es<'ap<?d  tt*  tlie  exteritir  through  the  u[>per  (esophageal 
fistula,  without  entering  the  stomach.  Nevertheless  this  "fictitious  meal/* 
as  the  authors  designate  it,  bn)ug;ht  about  a  secretion  of  gastric  juice.  If  in 
such  animals  the  two  vagi  wen*  <ut,  the  "  fictitious  meal "  no  longer  caused 
a  secretion  of  the  gastric  juice,  and  this  fact  may  be  considered  as  showing 
that  the  secretion  obtained  when  the  vagi  were  intact  was  due  to  a  reflex 
stimulation  of  the  stomach  through  these  nerves.  In  later  experiments*  from 
the  same  laboratory'  the  .secretion  cau.sed  in  this  way  by  the  act  of  eating  is 
designated  as  a  **  psychical  secretion,"  on  the  assumption,  for  which  consider- 
able evidence  is  given,  that  the  reflex  must  involve  psychical  factors  such  as 
tlie  sensations  accompanying  the  provocation  and  gratification  of  the  appetite. 
In  favorable  cases  the  fictitious  feeding  was  continue<l  for  as  long  as  five  to 
six  hourSj  with  the  production  of  a  secretion  of  about  700  c.c.  of  pure  gastric 

*  Archivra  dr  Ph^giohgUj  1892,  p.  554. 

*X>u  Boi^-JitymmfB  Arthivjur  Phywiniogity  1895.  8.  53. 

'  tHe  Arhrii  der  fVrt/i>tiun9«(frujim,  Wiesbaden,  1898. 
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juice.  Finally,  these  observers  were  able  to  sliow  that  direct  stimulation  of 
the  vagi  uinl<^r  propor  conriitions  oansos,  after  a  long  latent  pt*rioiJ  (four  an<J 
a  lialf  to  ten  inttiiites),  a  markuij  secri'lioii  of  pistrir  juifL'.  The  Irtnrr  lat*'nt 
period  is  attributed  to  the  simultanenus  stimiilntion  *>f  inliihitorv  fil^n*:;. 

Taking  these  results  together,  \vc  must  believe  that  tlie  vagi  sen<i  secretork* 
fibres  to  the  gastric  glands,  and  that  these  fibres  may  be  stimulated  reilexly 
through  tlie  sensory  nerves  of  the  niontli,  ami  probably  also  by  psyehieal 
states. 

Normal  Mechanism  of  Secretion  of  the  Ga.stric  Juice. — Our  knowl- 
edge of  the  means  by  which  tiie  flow  of  gastric  secretion  is  caused  during 
normal  digestion,  and  of  the  varying  conditions  whicli  intluenee  the  flow,  is 
as  yet  qtiite  incomplete.  Thenntahle  experiments  recently  made  by  I'awlow' 
and  his  pupils,  together  witli  older  r'xpcriiiK^iits  by  Heideidiain,"  have,  however, 
thrown  some  light  upon  this  difficult  problem,  and  have,  moreover,  i)]>ened 
the  way  for  further  exfMTinii'ntJil  stiuly  of  the  matter.  Heidenhain  cut  out 
a  part  of  the  fundus  of  the  stoniuch.converteil  it  into  a  Mind  sac,  and  brought 
oue  end  of  the  sac  to  the  abdominal  wall  so  as  to  form  a  li^tnlous  opening  to 
the  exterior.  The  continuity  of  the  stomach  was  established  by  suturing  the 
cut  ends,  but  the  fundic  sac  was  completely  separate<l  fnnn  the  rest  of  the 
alimentary  canal.  This  operation  has  t^ince  been  modified  by  I'awlow  in  sncli 
a  way  that  the  isolated  fundic  sac  retains  its  normal  nerve  supply.  Heiden- 
hain found  that  under  tlies<»  conditions  the  ingestion  of  onlinary  fuoil  caused 
a  secretion  in  the  isolated  and  empty  fuudie  sac,  the  socretiim  lieginning 
fifteen  to  tliirty  minutes  after  the  food  was  taken,  and  eonthming  until  the 
stomach  was  empty.  The  ingestion  of  water  caused  a  temporary  si'cretidn  in 
the  fundus,  while  indigestible  material  such  as  ligamentuni  iiuclue  iravp  no 
secretion  at  all.  Hci<Jenbaiu's  interj^retation  of  these  experiments  as  applied 
to  normal  secretion  was  that  in  ordinary  <iigestion  we  must  distinguish 
between  a  primary  and  a  secondary  secretion.  The  primary  secretion  depends 
upon  the  mechanical  stimulus  of  the  ingested  f  >od,  and  is  coi»Hued  tn  tliespt)ts 
directly  stimulated  ;  the  secondary  secretion  begins  after  absorption  from  the 
stomach  is  in  progress,  and  involves  tlie  whole  secreting  surface.  The  tirst 
part  of  this  theory  is  in  accord  with  a  belief  wliich  heretofore  has  Iwen  very 
generally  held  by  physiologists,  namely,  that  the  gastric  glands  may  be  made 
to  secrete  by  dir»^ct  mcclmnicid  excitation.  Pawlow  lias  shown,  however,  bv 
what  seem  to  be  ujost  convineiog  experiments,  that  this  belief  is  erroneous. 
Mechanical  stimulalion.  strong  or  weak,  cireumiscribetl  or  peneral,  seem.«  to  be 
totally  without  effect  in  arousing  a  secretion.  Pawlow  has  been  led  by  his 
interesting  experiments  to  give  a  diifcrcut  explanation  of  the  mirmal  meclian- 
ism  of  secretion.  The  firr^t  effect  of  oatintr  is  the  producti^m  tif  the  ''  psychical 
secretion,"  before  referred  to.  This  ser-retion  is  effected  thmugh  the  action 
of  secretory  fibres  in  the  vagus,  and  possiblv  also  in  the  svmjMithetfe  nerve.  It 
begins  usually  within  five  minutes,  is,  in  a  geucnil  way,  proportional  in  anK>unt 

•  Arekitta  Hea  SrUncfx  hlologiquM,  St.  Peterwburg,  1895,  I.  iii.  p.  4fll ;  t  V.  p.  425. 
*HfnnaNn*«  Ifavdbuek  drr  Phytiohtfie,  1883,  Bd.  t.  S.  114. 
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^m     to  the  inU-nsity  of  tlic  uppL'titt!  ur  cTtjoynKnt  of  the  fotHl,  aiul  iimy  hi8t  for                 ^^| 
^1     PoV4'ral  houns  even  though  tlio  actual  [HrruKl  of  oatin^  has  been  short  (five  tnin-                ^^^ 
^1     tites).    It  i«  this  secretion  tliat  first  arts  iiiM>ri  tlio  f^Mul  rereive<l  into  tliestonmrh.                  ^^| 
^H     Ijater  its  :u*tiun  is  HUpph-nientril  hyan  ati;;inented  siKTetion,  cnuned  by  .stimuli                  ^^| 
H     of  a  diemi<'al  nature  orip-inatlng  in  tikc  ftHxi  in^;eAte<l.     Some  foods  contain                ^H 
^B     euhritance^  ready  formed  that  are  eaj>able  of  a<*tinjr  in  this  way.     Investigation                 ^^^ 
^"      of  various  artirloH  of  diet  showed  tliat  m<'at  extract**,  juiees»  and  soups  contain                 ^^^ 
1            these  Bubiitancei^  in  larp^t  amounts.     Milk  and  aipieouH  sidutions  of  j;elatin                  ^^| 
^^     act  in  the  same  way,  although  less  powerfully.     AVater  aln^  if  in  ^iutlicient                ^^| 
^^      c^nantitv,  acts  as  a  direct  stiniii-                                                                                              ^^1 

1           lam.     (_)ther  rominou  ariieles 
^B     of  focMl,  such  as  bread  or  white 
^1     of  e^r^,  do  not   contain  lliesf 
^B      slimuliilin^  substances.     Fttod 
H     of  the  latter  cluinicter,  when 
^B     intrtMluce^I  din-rtly  into  a  dofr*s 
^B      stomat-h  through  a  ti^tula,  ])ro- 
^1      vokefi  not  a  <lrop  tif  secn^tion 
^B      and   undergt>es    no   dip'stion, 
^P      if  it    has    been  introduced  in 
^1      such  It  way  as  to  avoid  arou»- 
^B      \i\\r  the  psychical  secretion,  as, 
^B      for  in»ftaiice,  at  tinier  whiri  the 
^B     animal   is   doling.      If,  Imw- 
^1     ever,  tliis  latter  class  of  foiKls 
^B      underp)   dip'stion.    as   would 
H      hupfH^i    in    normal  feeding  in 
H      consequence  of  the  action  of 
^P      the  **  psychical  si'cretioM,"  sid>- 
^B     stances  capable  i»f  stimulaiing 
^H     the  stomach  to   seeretion    are 
H     develop*'*!,   and    their   action 
^B      kei'ps  up  the  How  of  .secretion 
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^m     after  the  lOVcl  of  llir  psychical 
H     factor  has  become  weakened. 
^     The  nature  of  the^^  chendeid 

Htiniuli  remains  rutin-ly  undeteri 
t4me  constituted  at  least  one  mem 
It  is  assnimd  ihat  these  substiuu 
^^     has  Iwen  shown  als4)  that  other 
^1     retarding  or  iuhibitiitg  the  i^tstri 
^B     at  least.     Oils  of  various  kinils 
^^      ihey  augment  the  pancreatic  f^^i^i^ 
1            I'awlow's  work  id  the  proof  that 
^ft    tion  \*ary  with  the  f(HMl.    ^\p|mn*ii 

Fio.  <a.— DUdcnun  «howtnff  the  inrlMioa  !n  qttantSCr  of                      ^^| 

KMtrio  »tcrvilon  la  tho  t|i»g  after  n  m\xvA  inf»l;  also  ibc                         ^^H 
varlmUoiu  In  acldiljr  uml  In  diici-flUre  iiower  (aftvr  Khlgiuu).                       ^^H 

nined.     Pawlow's  first  statement  that  pe]>-                 ^H 
her  of  tills  group  he  now  fin<ls  is  erroneous.                  ^H 
•es  act  through  the  seeretor}-  nerves,  and  it                  ^^| 
substances  may  have  the  cfuitniry  efl'ect  of                  ^^| 
r  stvretirin.     This  has  l>een  provetl  for  fatji                  ^H 
leerease  the  wHTetion  of  pastric  juice,  while                   ^^| 
retion.     Another  nn^st  suggestive  result  of                  ^^| 
tliccjiiantity  and  characteriiities  of  the  seere-                  ^^| 
tly  the  quantity  of  the  secretion  varies,  other                  ^^B 
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comlitlons  beiug  the  same,  with  thc^  amount  <»f  the  food  to  be  digeste*!.  Hy 
sonif  means  the  apixinitns  \a  adjiisk^d  in  this  respect  to  work  econoniicnlly. 
Difirrnit  kinds  of  (immI  jjiTHhii'i-  sccrotitnis  varyinjij  not  only  as  re^^^inls  f|nan- 
tity,  but  also  in  th'.'ir  iu'idjly  and  digestive  actifm.  The  secretion  pnxhu't^l 
by  bread,  though  loss  in  quantity  than  that  eansed  by  meat,  possesses  a  greater 
digestive  aetion.  On  a  given  diet  tlio  seerrtion  will  assntne  eertain  elmnie- 
teristios,  ant!  Pawlow  is  couvinecd  that  further  work  will  dischjise  the  fact 
that  the  secretion  of  the  stomaeli  is  not  caused  mn'mally  by  general  stimuli 
all  alVeeting  it  alike,  but  bv  speoilie  stimuli  eantained  in  tlic  finHJ  or  pnnluc'ed 
during  tiigesticm,  wjiose  aetiou  is  of  sueli  a  kind  sis  U\  pruiluee  tlie  si'oi'etion 
best  adapted  U^r  the  tUxl  ingested. 

One  of  the  curves  showing  the  effect  of  a  mixed  diet  (milk,  600  cubic 
eentinu^ters  ;  meat,  UK)  gninis  ;  bread,  100  grams)  upon  tlu*  trastrie  secretion, 
as  deteriiiiiied  by  Pawlnw's  method,  is  reprf><Uuvd  in  Fig.  *)0.  It  will  be 
noticed  that  the  secretion  began  siiortiy  after  the  ingestion  of  the  fo<x?  (seven 
minutes),  and  ineri-a-^ed  rapidiv  to  a  maxinunn  that  was  n-aelied  in  two  hi>nrs. 
Alter  ihe  seeond  hour  the  IU)W  ileerea-^ed  rapidly  and  nearly  tinitbrndy  to 
about  the  tentfi  fiour.  The  acidity  rose  slightly  between  the  first  ami  sooond 
hours,  and  flien  fell  gnuhially.  The  digestive  jwwer  showed  an  increase 
between   the  seeond  and   third  hours. 

Histological  Chang-es  in  the  Gastric  Qlands  dunngr  Secretion. — The 
cells  «»f  the  giistric  glands,  especially  the  so-called  *'htef-oells,  show  distinct 
chaTi<»es  as  the  result  of  prohmged  activity,  rpnii  preserved  speeimens  taken 
from  dogs  f4'd  at  intervals  of  twenty -four  hours,  Iteideiibain  found  that  in  the 
fasting  condition  tlie  chief-cells  were  large  and  clear,  that  daring  the  first  six 
hours  of  digestion  the  chief-tflls  if-i  well  as  the  border-eells  inerea^ed  in  size, 
but  that  in  a  sect^ntl  period  extindiiig  from  the  sixth  to  (he  ttfteenth  hour,  the 
chief-oells  became  gnidually  smaller,  while  the  border-e'ells  remained  large  or 
even  increased  in  size.  After  tlie  fifteeiiih  hour  the  ehieinvlls  increased  in 
size, gradually  passing  back  to  the  fiisting  condition  (see  Fig.  f)-4). 

Ijangley'  has  succeeded  in  following  the  changes  in  a  rmirc  satistaetory 
way  by  observations  made  directly  u|hhi  the  living  gland.  He  finds  that  the 
chief-cells  in  the  fasting  stage  are  eharged  with  grannies,  and  that  during 
digestion  the  grannies  are  used  np,  disappearing  first  from  the  base  of  the 
cell,  which  then  l>peonies  filled  with  a  non-grannlar  material.  Oljserviitions 
similar  tn  those  made  upon  tiie  pancreas  demonstrate  that  ^he^e  granules 
represent  in  all  pre)lKii>ility  a  preliminary  material  fnun  whieh  the  gastric 
enzymes  are  made  during  the  act  of  secretion.  The  prantdes,  therefore,  as  in 
the  other  glands,  niay  U'  s|K>keij  of  as  zymogen  granules,  the  preliminary 
material  of  the  |H'psin  being  known  as  pepsinogen  and  that  of  the  reuuin 
sometimes  as  pejciuogen. 

Glands  of  the  Intestine. — At  the  very  bcnrinning  of  the  intestine  in  the 
immediate  neigbborlnHjtl  of  the  pylorus  is  found  a  small  area  of  nniet^us  mem- 
brane containing  distinct  tubular  glands,  known  usually  as  the  glands  of 

*  Jonmal  of  Phyiiology,  ISSO,  vol.  iii.  p.  269. 
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Brunuer.  These  glands  resemble  closely  iu  arrangement  tliose  of  tfie  pyloric 
eml  of  the  stomach,  with  the  exception  that  the  tubular  duct  is  more  brunehed. 
The  J*ecretinp  ceils  are  siniilar  to  those  of  tlie  |iylorio  glands  of  the  stomaclr. 
Little  is  kuown  of  their  secretion.  Acconbug  to  some  autliors  it  ooutaius 
)>e|)»iu.  The  amount  of  secrn^tion  furnisfieil  by  these  glands  would  seem  to 
be  too  small  to  be  of  great  importance  in  digestion.     Throughout  the  length 


Fw,  M.— 01«sdt  of  the  ftindos  (<1ok1  :  .4  and  A  ■.  durtntc  hunrcr.  rcflttnir  condlllon :  B,  during  tbe  Qnt 
■taffv  uf  dlRVsllon :  C  and  />,  thv  m*c«>ii(1  dUgu  of  dtKvttlon,  sbuwlug  Uie  dlmloutloa  la  the  iIm  of  Uw 
"  clilcf  *  or  (^•iitral  fell*  {afltr  ilfidcnbaln). 

of  the  small  and  large  intestine  the  well-known  crypts  of  Lieberkuhn 
are  found.  The^K^  structures  resemble  the  gastric  glands  in  general  appear- 
ance, but  imt  in  the  character  of  the  epithelium.  The  epitlieliuni  lining  the 
crypts  is  of  two  varieties — the  goblet  oellu,  whose  function  is  to  form  mucus, 
and  columnar  cells  witJi  a  ebaraeteristic  striated  border.  The  changes  iu  the 
goblet  cells  during  secretion  and  the  pn»l)ability  of  a  relationship  between  them 
and  the  neighboring  epithelial  ct-lls  hius  been  discussed  (see  p.  21*5). 
Whether  or  nut  the  crypts  form  a  definite  secretion  has  been  much  debated. 
Physiologists  are  awustomed  to  sjioak  of  an  intestinal  juice,  **  succus  entcricus/* 
as  being  formed  by  the  glands  of  Liel}erkUhn,  but  practically  nothing  is  known 
as  to  the  mechanism  of  the  secretion.  The  snccus  entericus  itself,  however  it 
may  be  formctl,  ran  l)e  collected  by  isolating  small  loops  of  the  intestine  and 
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briugiDg  the  ends  to  the  nbdominal  wall  to  form  fistulous  openings.  The 
secretion  tbus  obtained  contains  diastatic  and  also  inverting  ferments,  the  action 
of  which  is  dK^fTilieil  on  p.  ."^08.  Histnlogioally,  the  oclls  in  the  bottom  of 
the  crypts  do  not  pussetiai  the  geueml  ubaracteristicsi  of  secreting  ceils. 

D.  Liver  :  Kidney. 

The  liver  is  a  gland  lK'l<»nging  tu  tlie  oonipmnd  tubular  tyjK?.  The 
lu'patic  cells  reprt'seut  tlte  secreu»ry  cells  and  thu  bih'-dncts  carry  off  the 
external  seoretian,  whicih  is  designated  as  bile*  In  addition  it  is  known  that 
the  liver-cells  ix'casion  iiii[H»rtunt  ohan^es  in  the  material  i)roui;ht  ti»  them 
in  the  blood,  and  that  hvo  irn|jortant  (iiiiipnunds,  najni^ly,  glyiM^gen  and  urea, 
are  formed  under  the  influence  of  th^^i*  ctil-i  jhhI  afterward  are  given  off  to 
the  bliMMl-stn-ata,  The  liver,  tlu"!i,  furnishes  a  <'OMspicni»ns  example  of  a 
gland  that  forms  ^imultaneouj^iy  an  external  and  an  internal  secretion.  In 
this  section  we  have  to  consider  oidy  certain  facts  in  relation  to  the  external 
secretion,  the  bih*. 

Histological  Structure. — The  general  liistologicai  ivlati'^ns  of  llie  hepatic 
lobules  need  tuit  l)e  repeated  in  detail.  It  will  be  n^neinbcred  that  in  each 
lubule  the  hepatic  cells  are  arranged  in  columns  ra^liating  from  the  central 
vein,  and  that  the  iiitrah)bular  capilluries  are  so  arraiitred  with  reference  to 
these  cobwuns  that  each  t^ell  is  pnietieally  brou;riit  into  eontact  witli  a  tnixetl 
blood  derive^l  in  part  from  ihe  portal  vciu  and  in  part  from  the  hepatic 
artery. 

As  a  gland  making  an  external  secretion,  the  relations  of  the  liver-cells  to 
the  ducts  and  to  the  nervous  system  are  important  jioints  to  be  determined. 
Tlie  bilc-<lncts  i.im  he  traced  without  diftienlty  to  the  tine  interlolxilar  branches 
running  mnnd  the  peripliery  of  Llie  l^^hnlc^,  but  the  finer  bninches  or  bile- 
capillaries  springing  from  tlie  interlobular  ducts  and  penetrating  into  the  in- 
terior of  tlie  lobules  have  L>ecu  dilHcult  to  folhiw  witli  exact ntss,  especially  a.s  to 
their  conne(*tiun  with  the  iuttrlobnlar  ducts  on  the  one  hand,  and  witli  the 
liver-cells  oti  the  iiilier.  Tlie  hile-eatfillariea  have  long  been  known  lo  jKrne- 
Irate  the  ccdumns  of  cells  in  the  lobule  in  such  a  way  that  each  cell  is  in  con- 
titct  with  a  biJc-eiipillai'v  at  one  [Miintc^f  its  pcrii>hcry,  and  with  a  blood-capil- 
lary at  another,  the  bih'-  and  hlo(.H.I-capillafie.s  being  separat^il  from  carh  other 
by  a  portion  of  the  oell-substanoe.  But  whetlier  or  not  intnicellnlar  bnmches 
from  these  ca]>iUaries  a^-tually  penetrate  int(*  the  substaiii^  ol"  the  liver-cells 
has  been  a  matter  in  dispute.  Knppfer  contended  that  delicate  ducts  arising 
from  the  capillaries  enter  into  the  wills  and  end  in  a  small  intracellular  vesicle. 
As  this  appearance  was  olitaineil  by  fl>rciblc  injections  through  the  hile-duots, 
it  was  thunght  by  mimy  to  be  an  artiticial  product;  but  recent  oliservations 
with  staining  reagents  tend  to  substantiate  the  accuracy  of  Knppfer's  ohser- 
vations  and  (confirm  the  l»elief  (hat  normally  the  system  of  bi!e-di!cts  Ix'gins 
within  the  livcr-tvlls  in  ininnte  ehanncls  that  connect  direetly  with  tire  bile- 
capillaries. 

Two  questions  with  reference  to  the  bile-duets  have  given  rise  toconsiderablc 
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cells  and  the  liniug  epithelium  of  the  hile-<liicts;  scpond,  the  presence  or  nb- 
sonre  of  a  distinct  rncnihninnns  \\\\\\  for  tlir  Itilt'-i-jipilliirirs.  DifVcrent  opin- 
ions nrestill  licKI  upon  tlies^i.'  points,  1ml  i\w  biiliuiec  of'eviilentv  soeiuri  to  show 
that  the  bile-ojipillaries  huve  no  projier  wall.  Thev  are  simply  minute  tul)ulaT 
ijpaces  |)enptniting  l)et\veen  the  liver-wlls  and  con'esjMinding  to  the  alveohir  lu- 
men in  other  jrlands.  Where  the  (^pillurics  join  the  interlobular  duets  the  liver- 
cells  pass  gradually  or  abruptly,  acornxling  to  the  elans  (if  vertebrates  examine^l, 
into  the  lining  epillielium  of  the  duct-*.  FriMo  thi^  staiulpoiut,  then,  theliver- 
celU  are  honiolotroiw  to  the  secreting  cells  iA'  otlier  chmd^  in  tlieir  relations  to 
the  jrenenil  lining;  epifhelinni.  Several  ob-ervers  (MaC'iilluni/  llt-rklcy,*  anil 
Korolkow^)  have  claimed  that  they  are  able  to  trace  nerve-fibres  to  the 
liver-cells,  thus  furnishing  liistoU>gi«il  evidenre  that  the  ctiuiplex  jirocesses  oc- 
curring in  these  cells  arc  under  the  regulating  control  id'  the  central  nervous 
system.  Aoconling  to  the  latest  olieervers  (Berkeley,  Korolkow)  the  terminal 
nerve-fibrils  end  l)etween  the  liver-cell.",  but  do  not  actually  i>enetrate  the  !?ub- 
stance  of  the  cells,  as  was  descrilieil  in  some  earlier  pa]"»ers.  If  these  observa- 
tions prove  to  be  entirely  correct  they  wouhl  demoustnite  the  direct  effect  of 
the  nervous  system  on  some  at  least  of  the  manifold  activities  of  the  liver- 
cells.  So  far  as  the  formation  of  the  bile  is  concerned  we  have  no  sati>factor%- 
phvsioiogieal  evidence  that  it  is  under  the  control  of  the  nervous  system. 

Composition  of  the  Secretion. — The  bile  is  a  coloretl  secretic»n,  Iti 
most  carnivorous  auinial>  it  is  gulden  led,  while  in  the  herbivora  it  is  green, 
the  difference  depending  on  the  character  and  ^^uuntity  of  the  pigments.  In 
man  the  bile  is  usually  slated  to  follow  llie  c-aruivorous  tyi»e,  showing  a  re<l- 
tlish  or  l>rownish  eolnr,  although  in  some  <':is<'s  apjKircntly  the  green  predorni- 
nates.  The  r"lianiL-tL'ri:?tic  constituents  of  tlit-  bile  are  the  pigments,  bUirubiu  in 
carnivorous  bile  and  hilivrrdin  in  herbivorous  bile,  and  the  bile  acids  or  bile- 
salts,  thenodiutn  sails  of  glycoeholic  or  launH'liolic  acid,  the  relative  proportions 
of  the  two  a<'ids  varying  in  different  animals.  In  a<lditton  theix*  is  present  a 
coDsidenible  quantity  of  a  mucoid  nucleo-albuniiu,  a  constituent  whi<'h  is  not 
fonne<l  in  tlic  liver-cells,  but  is  added  to  the  stvrt'ti(fn  by  the  niu<i»us  membrane 
of  the  bile-bluets  and  gall-blailder ;  and  small  quautitiesofeholesterin,  lecithin, 
fats,  and  s«ij»s.  The  inorganic  constituents  comprise  the  usual  salts — chlorides, 
phosphates,  carbonates  and  sulphates  of  the  alkalies  or  alkaline  earths.  Iron 
is  found  in  small  r|unnlities,  ctuubinetl  probably  as  a  phitspluite.  The  secre- 
tion ci.intains  also  a  considerable  th(»ugh  variable  quantity  of  i*i\  gas.  held  in 
such  kK)se  combination  that  it  can  be  extracted  with  the  gns-pump. without  the 
;uMilion  of  acid.  The  presence  of  this  constituent  serves  as  an  indi<'ati(»n  of 
the  extensive  metalH^lio  changes  occurring  iu  the  livcr-celU.  Quaulitative 
analyses  of  the  bile  show  that  it  varies  greatly  iu  composition  even  iu  the  same 
species  of  animal.     Examples  of  this  variability  are  given  in  the  analyses 

•  MuC^UoiD  :  Qwnrt<v/y  Journal  «f  tkr  MifTo»cft}neiil  SeimctA,  lft87,  vol.  ixrii,  p.  43fl. 
» Berkley  :    Anaiamueher  Aruagv,  IHO.I,  IV].  viii.  S.  r6I>.  ^  Korolkow :   MtV/..  S  7-,0. 
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quoted  in  the  section  on  Digestion  (p.  322),  where  a  brief  accxiuut  will  al.<<K>  be 
found  of  the  origin  and  |>li\>ioIogi<sil  significance  of  the  different  constituents. 
The  Quantity  of  Bile  Secreted. — Owing  to  the  fact  thar  a  fistula  of  the 
common  hile-iiiH:t  or  j^all-hlad<lt'r  may  lie  Oatabli^hefl  upon  tlie  living  animal 
and  the  entire  quantity  of  bile  be  draii»e<l  to  the  exterior  without  serious  detri- 
ment to  the  aiiimnrH  life,  we  ]>i:(^se8:5  nuiin^roiis  statistic-:*  as  to  the  daily  quantity 
of  the  Hei^retiiHi  foriiH*d.  Siirgicjil  o|Kirati(ms  iipun  hunian  beings  (see  p.  -■I^l 
for  references),  made  necessary  by  occlusion  of  the  bile-passat^es,  have  furuie^hed 
similar  (lata  for  man.  In  roiin<l  ntimbors  the  qiiaiititv  in  man  varies  from  500 
to  8<)()  cubic  centimeters  per  day,  or,  Taking  into  account  the  weight  of  the 
individuals  concerned,  about  8  to  16  cubic  centimeters  for  each  kilogram  of 
Ixxly-wc-iglit.  Ol>servatioiis  npim  the  lower  animals  indic-ate  that  the  secretion 
is  ppoportioiialiy  greater  in  .^mailer  animals.  This  fact  i*  clearly  shown  in  the 
following  table,  compiled  by  Heidenhaiu  '  for  tlirt-e  luTbivorous  animals: 


Batin  uf  hlle-weiccht  for  24  hours  to  IxMlr-weiglil 
Raliu  of  lji)e-wt*ight  f.tr  'ZA  houra  lo  liver-weigUt 


Sheep.  Rabbit.        Guinea-p%. 

.  1:37.5  1:8.2  1:5.0 

.1.307:1         4.004:1         4.467:1 


There  sccm.s  to  be  no  doubt  that  the  bile  is  a  connnuuti>  .swretion,  although 
in  animals  possessing  a  ga]l-hlad<li?r  the  secretion  may  be  stored  in  this  reser- 
voir and  ejected  into  the  duixlenum  only  at  certain  intervals  connected  with 
the  prwosse:^  of  digestion.  The  movement  of  the  bile-stream  within  the 
system  of  hilc-fiud.^ — tliat  is,  its  actual  fjection  from  the  liver,  is  al:^o  probably 
iutennlttent.  The  observations  of  Co|>cmun  and  Winston  on  a  human  patient 
with  a  Ifiliury  fistula  showed  that  the  secretion  was  cjecled  in  spirts,  owing 
doubtless  to  uontractious  of  tlie  muscular  walls  of  the  larger  bile-duets.  But 
though  continuously  formed  within  the  liver-cells,  tiie  flow  of  bile  is  subject 
to  oonyidcmble  variations.  According  to  must  observers  the  activity  of  sirre- 
tion  is  definitely  comiecti'd  with  the  perioil  of  digestion.  Somewhere  from  the 
third  to  the  fifth  liour  after  the  beginning  of  digestion  there  is  a  very  marked 
atrceleration  (►f  the  flow,  and  a  second  niaxiiunm  at  a  later  j)eriod,  ninth  to 
tcntli  hour  (IIoppL'-Seyler),  hiis  been  observed  in  dogs.  Tlie  mechanism  con- 
trolling the  a^-celerated  tlow  during  the  tliiivl  to  the  fifth  hour  is  not  perfectly 
understood.  It  would  seem  to  he.  correlate*!  with  the  digestive  changes  fH-cnr- 
ring  in  the  intestine,  but  whether  the  refationshiji  is  of  ihe  nature  of  a  reflex 
nervous  act,  or  whetiier  it  dci>ends  on  iiicivased  bloiKl-fii>w  tlirough  the  oi*gan 
or  upon  some  action  of  the  al)sorbed  pi'oduets  of  secretion  remains  to  be  deter- 
mined. It  has  been  shown  that  the  presence  of  bile  in  the  IjIimkI  acts  as  a 
stimulus  to  the  liver-cells,  and  it  is  highly  probable  that  the  absorption  of  bile 
from  the  intestine  which  occurs  during  digestion  serves  to  accelerate  the  secre- 
tion :  but  this  circumstance  obviously  docs  not  account  for  the  marked  increase 
observed  in  animals  with  biliary  fistulas^  since  in  these  cases  the  bile  does  not 
reach  the  intestine  at  all,  Thcra|K*utically  various  substances  have  been 
stated  by  diifcrent  authors  to  act  as  true  cholagogues — tlial  is,  to  stimulate  the 
'  Hermann't  Handhuch  dtr  PhuwioUigie,  B.J.  v.  Till.  1,  S.  263. 


SECltETION, 


24' 


scpri'don  of  bilo.  ( )f  these  suhstaiuics  the  one  whoso  action  is  most  iimlouhted 
ij*  hile  itisc'lf  or  i\\v  bile  iicidh.  When  given  as  drietl  hik^  iti  thr-  form  of 
pills,  a  marked  increiise  in  tlie  flow  is  observed.' 

Relation  of  the  Secretion  of  Bile  to  the  Blood-flow  in  the  Liver. — 
Numeruus  experimentd  have  nhown  that  the  quantity  of  bile  formed  by  the 
liver  varies*  more  or  less  direetly  with  the  (juiuility  of  blood  flowin*:  tliroutrh 
the  organ.  The  liver-colls  receive  UIocmI  i'runi  two  sources,  the  portal  vein 
and  the  he|Kitic  artery.  The  supply  from  Iwith  these  sounds  is  pn)l)ably  essen- 
tial to  the  perfectly  normal  activity  i\i'  the  cells,  but  it  lias  been  jhIiowo  tliat  bile 
cuntinnen  to  l>e  foi'in<*d,  for  a  titiie  at  least,  when  eitlier  the  portal  or  the  arterial 
supply  is  oocludeil.  However,  there  can  bt^  little  doubt  that  the  material  actually 
utilized  by  the  liver-eells  in  the  foruiatinn  of  their  external  and  internal  secre- 
tiouij  i*  brought  to  them  mainly  by  the  portal  vein,  and  that  variation*  in  the 
quantity  of  this  supply  induetjoes  directly  the  amount  of  bile  pr*jduee<l.  Thus, 
ooolusion  of  8«)nie  of  the  braneh*'^  of  the  portal  vein  diminishes  the  secretion; 
stimulation  of  the  npinal  ooi*d  dirninislK*tt  the  secretion,  sintv,  owinj^  to  the  lai'ge 
vaM,'ular  *.*onstrietion  produced  thereby  in  the  aUlominal  vi.-<x'ra,  the  quantity  of 
blood  in  the  ]>«»rral  cinnilation  is  reduced  ;  section  of  the  s]>inal  cord  also  dimin- 
ishes the  flow  of  bile  ov  may  even  stop  it  alto^ruiher,  since  the  result  of  such  au 
0{>eration  is  a  general  paralysis  of  vascular  tone  and  a  gtnend  fall  of  blood- 
pressure  and  velocity  ;  stimidation  of  the  cut  splanchnic  oorves  diminishes  the 
secretion  Ikhsiusc  of  the  stronjtr  constrietitm  t>f  the  blofxl-vessels  of  the  alnlom- 
inal  viscera  and  the  ronlling  diminution  of  the  quantity  of  tlie  blooil  in  the 
portal  circulation  ;  section  of  the  splanehnics  alone,  however,  is  said  to  increase 
the  qnantitv  of  bile,  in  doi^,  since  in  this  cose  the  j>aralysis  of  vascular  (one 
is  localized  in  the  abdoujinal  viscera.  The  etftet  of  such  a  local  dilatation  of 
tlie  blootl-vessel.s  would  bo  to  diminish  the  resistaiu^  along  the  intestinal 
paths,  and  thus  lead  to  a  greater  flow  of  blood  to  that  area  and  the  portal 
drcutation. 

In  all  these  cases  one  uiight  suppose  that  the  greater  or  less  quantity  of 
bile  formed  de|K:nde<l  only  on  the  blood-pressure  tu  the  capillaries  of  the  liver 
lobules — that  so  far  at  kiLst  :ls  the  water  of  tlie  bile  is  concerned  it  is  pro<luced 
by  a  process  of  filtration  and  rises  and  falls  with  the  blood-pressure.  That 
this  simple  mechanical  explanation  is  not  suilkient  seems  to  be  proved  by  the 
fact  that  the  pre>«ure  of  bile  witfiin  tlie  l)ile-thiets,  although  comparatively 
low,  may  exeee<l  that  of  tiie  bhuwl  in  the  |>onal  vein. 

The  Exifitence  of  Secretory  Nerves  to  the  Liver. — The  numerous 
ex|ieriments  that  have  lx;en  made  to  as<-eriain  whether  or  not  the  secretion 
of  bile  is  under  the  direct  control  of  stvretor}'  uerves  have  given  unsatisfhctory 
results.  The  ex|>erimeuts  are  dillietdt,  since  stimulation  of  the  nerves  supply- 
ing the  liver,  such  as  the  splanchnic,  is  accomjjanied  by  vaso-motor  changes 
which  alter  the  blood-flow  to  the  organ  and  thus  intrtKluce  a  factor  that  in 
itself  influeuces  the  amount  of  the  secretion.  So  far  as  our  actual  knowledge 
goes,  the  physiological  evidenoe  is  against  the  existence  of  secretory  uerve- 

'  Journal  0/  Erp(iifn<tital  Mrdicinr^  1897,  vol.  ii.  p.  49. 
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jyHyno  aweryJoiy  imycilntaL  TUs  fret,  however,  doei  not  bear  directly  n|)ou 
the  funoatMio  of  bile. 

Motor  Kerrea  of  the  BOe-vaaaelaL — Doym'  haf>  rtamkj  fihown  that  the 
gall-bladder  a«  well  ae  the  bile-diielB  is  ianerrated  bf  a  act  of  nerve-fibres 
oomfarabte  in  their  general  actioo  to  the  TaM^^aBetrielor  aad  Faso-dilator 
Hbre*  of  the  blood-reaKU.  Aocf^nling  to  this  anthor,  ftfi— hrion  of  the 
pmpbeiml  end  of  the  cnt  sptazichDics  causes  a  eootnccm  of  the  bile-ducts 
aod  gall-bladder,  wbQe  edmulatioa  of  the  oeotral  aid  of  the  same  oerve,  on 
the  oootnuy,  bm^i  aboot  a  reflex  dilatatioo.  Stimolrtioo  of  the  oentnl  end 
of  the  TagQs  nerre  caosee  a  cotrtraction  of  the  gall-bladder  aod  at  the  same 
time  an  inhibitirm  q{  the  sphincter  muscle  dosiiig  the  opeoi&g  of  the  oommou 
bil^oct  into  the  dnodenam.  These  facts  need  coofirmatioa,  perbape,  on  the 
part  of  oUier  obeervera,  altboo^  they  are  in  accord  with  what  is  known  of 
the  actual  movemeot  of  the  bile-strram.  The  flection  of  bile  fitom  the  gall- 
bladder into  the  <laodenam  is  produced  bv  a  oontraction  of  the  gall-bladder, 
and  it  i»  uj&iially  believed  that  this  contraction  is  broncbt  aboot  reflexly  fi*om 
Hoim'  r«rn>yrry  Ktimulati<rn  of  the  mucous  membraw  of  the  dumleiiuin  ttr 
etomadi.  The  n^sult  of  the  experiments  made  by  Doyon  would  indicate  that 
the  afferent  fibrer<  uf  thU  reflex  pass  upward  in  the  vagus,  while  the  efferent 
iibrefl  in  till-  gall-bladder  run  in  the  .splanchnic^  and  n-ach  the  liver  through 
tlie  iM;milunar  plcxutt. 

Normal  Mechanism  of  the  Bile-secretion. — Bearing  in  mind  the  fact  that 
i»nr  knowicdjfc  of  thf  wcrclion  of  bile  i.s  in  many  rcspei-ts  incomplete,  and  that 
any  de^Kription  of  tlie  act  is  therefore  jiartly  c<»njectuniK  wc  might  picture 
the  proopflBcw  concerned  in  the  ficcrefion  and  ejection  of  bile  as  follows:  The 
bile  ii»  0teadily  formed  by  the  liver-cells  and  tunied  out  into  the  bile-capil- 
laries ;  ii»  quantity  variesi  with  the  quantity  and  composition  of  the  blood 
flowing  through  the  liver,  but  the  formation  of  the  secretion  depends  upon 
the  activities  t:ikin;r  pla*^  in  the  liver-celln,  and  thei^e  activitie:^  are  independ- 
ent of  direct  nervous  oonlrol.  During  the  act  of  digestion  the  formation  of 
bile  IB  increased,  owing  probably  to  a  greater  blood-flow  through  the  organ 
and  to  the  generally  increased  metabolic  activity  of  the  liver-cells  (Mxrasioned 
by  the  inflow  of  the  absorbed  products  of  digestion.  The  bile  after  it  gets 
into  the  blleHJuctfl  is  moved  onward  partly  by  the  accumulation  of  new  bile 
from  l>ehind,  the  *»ccretory  force  of  the  cells,  and  partly  by  the  contractions 
of  tlie  walln  of  the  bile-veasels.  It  is  stored  in  the  gall-bladder,  ami  at  inter- 
vals during  digt?«tion  is  forced  into  the  duodenum  by  a  contraction  of  the 
muscular  walU  of  the  bladder,  the  process  being  aided  by  the  sininltaneous 
relaxation  of  a  H|thincU*r-likc  lay*'r  of  mnpcle  that  normally  ocdmh's  the 
bilr-fliM'i  at  itn  o|H'iMng  into  the  intcstiue;  both  these  last  acts  are  under  the 
control  of  a  ncrvoun  n»flex  mechanism, 

*  Moral  wkI  iHifrwirt:  ArrhtifA  th  Phyiiologie,  1894,  p.  371. 

*  Ar<hit^  tU  PhynaliiffUf  180J,  p.  19 ;  fioe  albO  Odtli :  Areh.  iial,  dt  BiotogUt  t.  xzil.,  cvl. 
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In  a  very  interesting  researeli  l»y  Brnm»*  it  has  \yeexi  flhown  that  the 
iieiiial  |mssa^>  of  bile  into  the  intestine  is  occusionetl,  reHexly  no  ilonUt,  by 
the  |Missji^'of  the  rliyine  from  stiiniiifli  1o  intestine*.  Ap  h>n^  as  tlie  sti^iniieh 
is  enijity  no  hih-  H<>vvs  into  thr  thitMlfinitii ;  t lie  How  ooinnienees  wlicii  the 
stoniaeh  hojrins  to  empty  its  contents  into  the  intestine,  nnd  eeases  ns  soon  as 
this  [)rfH'<»ss  is  eoniplrtrd.  The  anthor  en<h'avonM]  to  UHcertain  tlie  stih-^tanei^ 
in  the  chyme  that  serve  as  the  stinuihis  in  this  reaction.  As  tiir  as  his  ex|x^ri- 
monts  po,  they  show  that  fats  and  the  digested  prodiict^^  of  pi"oteids  (pe^ptones 
nnd  proteoses)  are  the  most  eRieit-nt  stimuli.  Acids,  alkalirs,  and  stareli  or 
the  suhstiincew  formed  frimi  it  diirinLT  s.nlivary  digestion  are  inetfei^tive.  Pit- 
Aumaldy  the  fats  atid  tlie  prmhiets  of  protrid  digestion  act  on  the  seitsory 
fihrt'S  of  the  duiMh-nnl   niemUrane, 

Bffect  of  Complete  Occluaion  of  the  Bile-duct. — It  is  an  interesting 
fact  that  when  the  flow  of  hile  is  cfunpletely  preventeil  by  ligation  of  the  bile- 
duct,  the  stagnant  liquid  is  not  reahsorl)ed  by  the  blocMl  directly,  but  by  the 
lymphatics  of  the  Jivtr,  The  bih'-pt^inent.s  and  hile-a^utls  in  such  vi.\>(.^  may 
be  detectetl  in  the  lymph  as  it  Hows  from  the  thoracic  duct.  In  this  way  they 
get  into  the  blowl,  pnxlucing  a  jaundiced  condition.  The  way  in  whicii  the 
bile  get-*^  from  the  bile-dtict>i  into  the  hepatiu  lymphatics  is  not  detinitely  Unown, 
but  possibly  it  is  due  to  a  rupture,  caused  by  the  iuci'eai^  pressuiv,  at  some 
point  ia  the  course  of  the  delicate  bile-aipillaries. 


Kjdxey. 

Histology. — ^The  kidney  is  a  compound  tubular  gland.  The  couetitueut 
uriniferous  tubules  composing  it  may  be  roughly  separatwl  into  a  secreting 
jMirt  eomprisitig  the  «ipsule,  convoluted  tiil:)Os,  and  loo]>  of  Heide,  and  a  col- 
lecting part,  die  so-called  straight  collectiiig-tuU*,  (he  epilheliuai  of  which  is 
ast^umed  not  to  have  any  secretory  function.  Within  the  secreting  part  the 
epithelium  differs  greatly  in  character  in  different  regions;  its  peculiarities 
may  Ik?  r(?ferre<l  io  briefly  here  so  far  as  they  st'ein  to  have  a  physiological 
l)earing,  although  fur  a  complete  description  reference  must  be  made  to  some 
work  on  Histology, 

The  arrangement  of  the  glandular  epithelium  in  the  capsule  with  reference 
to  the  bloiKl-vtsseife  of  the  glomerulus  is  worthy  of  sj)ccial  attention.  It  Mill 
be  rcmembei*ed  tliat  each  Malpighiau  corpustde  consists  of  two  principal  parts, 
a  tuft  of  bloo<l-vessels,  the  glomerulus,  and  an  enveloping  expansion  of  the 
uriniferous  tubule,  the  capsule.  The  glomendus  is  a  remarkable  structure  (sec 
Fig.  (55,  A),  It  consisted  of  a  small  afferent  artery  which  after  entering  the 
glomerulus  breaks  up  into  a  nnml>er  of  capillaries,  which,  though  twisted 
together,  do  not  anastomose.  These  oipillaries  unite  to  tbrm  a  single  efferent 
veiu  of  a  smaller  tliameter  than  the  afferent  artery.  The  whole  strut^nre, 
therefore,  is  not  an  onlinary  capillary  areji,  but  a  rde  mirabilcj  and  the  phys- 
ical factors  are  such  that  within  thr  capillaries  of  the  rete  there  nnint  he  a 
greatly  diminislie<l  velocity  of  the  blwul-stream,  owing  to  the  great  increase 
'  ArtJupea  du  ttUinf-et  biototjiquegf  1899,  t.  vii.  p.  87. 
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in  the  width  of  the  strcani-bed,  aiid  a  higli  iil*)otl-pri*ssiire  as  eom|)artHl  with 
tinliuurv  capilhiries.  Surroiiudiug  tliis  gloiiienilus  is  the  double- walled  cap.«ule. 
One  wall  of  the  capsule  isi  olastly  a<llierent  to  tlie  capillaries  of  the  glomerulus; 
it  not  only  i-oveivi  tlie  strueturi:  elii^ely,  hut  dips  into  the  interior  between  the 
emull  lobules  into  which  the  glomerulus  is  divided.  This  layer  of  the  cajisule 
IS  «-oniposed  <if  Hattene*!  nulotlielfid-like  cells,  tlie  glomerular  cpilliclium,  lo 
which  great  ini|>oHauce  is  now  attacheil  in  the  f^rmatinn  of  the  secretion.  It 
will  beuoticed  that  between  the  interior  of  the  blood-vessels  of  the  glomerulus  and 


Pig.  65.— Pnrtlniiit  of  the  vattouBdIvialoiia  of  Che  UfintfiM"  .  >rriii>iiR  nf  humnn 

kidney:  A,  Stiftlpisbinn  body  ;  x,  squatuuus  epithelium  IJnitiif  tlic  i-apnuleftuU  nrllected  over  the  i^lntuer- 
uliu;  y,  r,  afferent  au<l  etftreut  ve«J»elii  of  the  tufl;  «r.  nuclei  uf  eujiillarlei;  n.  constricted  neck  ninrkJog 
passage  of  capetile  iuto  ei^nvuliiti'd  ttiliuk* ;  U,  pritxlmal  convululi-'d  tubulo:  C,  Irreieular  tuhulc;  i>and 
Ft  Bf^xal  rabulvt ;  £,  lucundlng  limb  of  Ileule'H  loop:  (J,  straight  collet'tliig  tubule  (Hersol). 

the  cavity  of  the  capsule,  which  is  the  beginning  of  the  uriniferous  tubule^  there 
are  interposed  only  two  very  thin  layers,  namely,  the  epitheliutn  of  tlif  c:ipil- 
lary  wall  and  the  glomerular  t^pillielinni.  The  appiirnlu'^  woultl  seem  (o  affbnl 
most  favorable  eondiltims  lor  filtrati«ai  oi'  (he  liquid  pnrls  nf  the  bhxHl.  The 
epitlielium  clothing  the  convoluted  portions  of  the  tubule,  including  under  this 
dcfiignntitm  tlie  so-called  irrejifulur  and  spinil  portions  and  the  loop  of  PIcnIe,  is 
of  a  chamcter  quite  ditlerent  from  that  of  llie  glomerular  epithelium  (Fig.  Go.  B^ 
C,  />,  Ey  F,  G),  The  cells,  speaking  geuerally,  are culKiidal  or  cyiindricaL  proto- 
plasmic, and  griinidnr  in  afvpcMninfe  ;  on  llie  side  t<Av:ird  the  hnsf-mcnt  mem- 
brane they  often  show  a  pcjcidiar  striatiou,  while  on  tlie  lumen  .sitle  the  extreme 
periphery  presents  a  compict  bonier  which  in  some  cases  sliows  a  cilia-like 
striation.  These  cells  have  the  general  ap[H*iHiun?e  of  active  secretory  striio- 
tures,  and  recent  theories  of  urinary  secretion  attribute  this  importance  to  them. 
Composition  of  Urine. — The  clieinieal  compusilion  of  the  urine  is  very 
complex,  as  we  should  expect  it  to  be  when  we  remember  that  it  contains  most 
of  the  end-prtxlucts  of  the  varied  metabolism  of  the  IwmIv,  its  importance  in 
this  respect  being  greater  than  the  other  excretory  organs  such  as  the  lungs,  skin, 
and  intestine.  The  secretion  is  a  yellowish  liquid  which  in  carnivorous  ani- 
mals and  in  man  has  normally  an  acid  reaction,  owing  to  the  presence  of  acid 
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\X%  (acid  sodium  and  acid  calcium  phn»phate),  and  an  averaj^  specific  gravity 
of  1017  to  1020.  The  quantity  formed  in  twenty-four  hours  is  about  1200  to 
1700  cubic  crntini<'t(*rs.  In  x\\i^  very  ynim*;  the  amount  of  urine  formerl  in 
pn»|K>rtiouately  much  i^rcutcr  than  in  the  adult.  The  normal  urine  eoutains 
about  3.4  to  4  per  cent,  of  8oli<l  matter,  of  wliich  over  half  is  organic  mate- 
rial. Among  the  important  organic  constituents  of  the  urine  are  the  folh»\f- 
ing:  urea,  uric  acid,  hippuric  acid,  xanthiu,  hypoxanthin,  guanin,  creatiniu 
and  aromatic  oxy-  aciil.s  (j»ai*a-oxy phenyl  j)ro(jioiiic  acid  and  para-oxypheuyl 
acetic  acid,  as  simple  salts  or  combined  with  sulphuric  aciJ) ;  pheuul,  paracre- 
«o!,  pynx^techiu  and  hydnx'hiuon,  the^  four  sulvstances  being  combined  with 
Bulphuric  or  glycurunic  acid  ;  imiiaui  or  iudoxyl  sulphuric  acid  ;  nkatol  huI- 
phuric  acid  ;  oxalic  acid  ;  aulphoci,*ainde$,  etc  These  and  other  organic  con* 
Htiluents  occurring  under  certain  conditions  of  health  or  disease  in  various 
animaln,  are  of  the  greatest  importanoe  in  ennhling  us  to  follow  the  metab- 
olinm  of  the  body.  S<*uiethiug  as  to  their  origin  aurl  Higniticauce  will  Iw 
found  in  the  section  on  Nutrition,  M-hile  their  purely  chemical  relations 
are  describe<l  in  the  section  on  Chemistry. 

Among  the  tnoi^nnic  fM>nFitituent8  of  the  urine  may  t>e  mentioneil  ^(Mlinm 
chloride,  sulphates,  plioi^pliatesof  the  alkalies  and  alkaline  etirthrt,  nitrates, and 
carl>on  dioxide  gas  partly  insohition  an<l  partly  as  trarbonate.  In  thin  secliou 
we  are  eiMioerneti  only  with  the  general  mechanism  of  the  secretion  of  urine, 
and  in  this  connection  have  to  consider  mainly  the  water  and  soluble  inorganic 
salt.s  and  the  typical  nitrogenous  excreta,  namely,  urea  and  uric  acid. 

The  Secretion  of  Urine. — The  kidneys  receive  a  rich  supply  of  nerve- 
fibres,  but  m(.>j4t  •histologistii  have  been  unable  to  tnice  any  eonue<!tion  between 
the?5e  fibre**  and  the  e[>ithelial  cellrsof  the  kidney  tubules.  Berkley*  has,  luiw- 
cver,  dvscribeil  ncrve-filjres  passing  through  the  basement  membrane  and 
ending  between  the  secretory  cells. 

The  majority  of  purely  physiological  experiments  u|K)n  direct  stimuliitina  of 
the  nerves  going  to  the  kidney  are  adverse  to  the  theory  of  secretory  fibres,  the 
marked  effects  obtaine*!  in  these  ex[>eriments  being  all  explicable  by  the  changea 
ppMluee*!  in  the  blood-fh>\v  ihrnu^li  the  »jrgan.  Two  general  theories  of  nrinary 
secretion  have  been  jwojM>sed,  Linlwig  held  that  the  urine  is  fortuwl  by  the 
simple  physical  proe^'sses  of  filtratit)n  and  diffusion.  In  the  ginmernii  the 
conditions  are  most  favond)le  to  filtration,  and  he  snp{Kised  that  in  these  struo- 
tuns  wairr  fili'.-i'eil  thmugh  I'roiu  the  bKHid,  (.tirrying  with  it  not  only  the  in- 
organic >iills,  i»ut  also  the  sjiccific  eiementJi  ^urea)  of  the  secretion.  There  was 
thus  formed  at  the  beginning  of  the  uriniferous  tubules  a  complete  but  diluted 
urine,  an<l  in  the  .subsecpient  pas.sage  of  this  liipiid  along  the  convoluted  tubes 
became  i\jncvntrated  by  difi'usion  with  the  lympli  surrounding  the  outride 
the  tubules.  So  far  as  the  latter  {>art  of  this  theory  is  concerned  it  has 
been  supporte4i  by  actual  ex|>erinienls  ;  recent  histolo^ic:il  work  isee  below) 
IM  to  indicate  that  the  epithelial  cells  of  the  convoluted  tubules  have  a 

•  The  JoAm  Bopkim  ffmtpital  BulUtin^  vol.  iv.,  No.  28,  p.  1. 
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distinct  secretory  function,  and  that  they  give  material  to  the  secretiou  rather 
thiin  take  iVorn  it. 

Bowman's^  tlienrv  of  nrinarv  secretiaii,  which  has  since  heen  vigorously 
8Upporte4l  and  extended  by  Hcitleidmin,  wa^^  biis<^Mt  appareuliy  maialy  on  liis- 
tologicrd  grounds.  It  assumes  tliat  in  tlie  gloniendi  water  and  inoi^anic  salts 
are  priKhn*e<i,  while  (he  nrea  and  related  bodies  are  elimiaated  through  the 
activity  of  the  epithelial  cells  iu  the  convoluteil  tubes. 

Ellminaiion  of  Urea  and  JMafrd  /^oc/Zrvi.— \ujneronri  facts  have  been 
discovered  which  tend  Uj  suiiport  the  lutterpart  of  Rjwnian's  theory — uaraely, 
the  participation  of  the  celU  of  the  <'onvohitetl  tnlnde.s  in  the  secretion  of  the 
H|>ecitic  nitrogeuou.H  elernent-s.  In  Inrcl-j  (he  main  nitrngeiions  element  of  the 
eecrettiMi  is  uric  aei*!  instciui  of  urea,  and  it  is  possible,  owing  to  the  small  solu- 
bility of  the  urates^  to  sei*  them  ms  i^olJd  ilepo^its  in  niieroscopie  seetions  of  the 
kidney.  When  the  ureters  are  ligated  the  deposition  f»f  the  urates  iu  the  kid- 
ney may  become  so  great  as  to  give  the  entire  organ  a  whitish  apjiearanoe. 
Nevertheless  lnslolup:i«il  examination  of  a  kidney  iu  this  eontlition  sIionvs  that 
the  urates  are  found  always  iu  the  tulx.'s  and  never  in  the  Malpighian  corpus- 
cles. 'From  this  result  we  may  coucludo  thai  the  uric  acid  is  eliminated 
through  the  epithelial  eell^  of  the  tulws.  Heidcnhnin  has  shown  by  a  striking 
series  of  expt^rinients  that  the  cells  of  the  tubes  [iohmjss  an  active  secretory 
power.  In  these  ex|>errnieuts  a  solution  of  indigo-carmine  whs  injected  into 
the  circulation  of  a  living  animal  after  iLs  spinal  cord  had  been  cut  to  reduce 
the  l>lood-pres.Mure  and  therefore  the  iiipidity  of  the  secretion.  After  a  certain 
interval  the  kidntys  were  ivnioved  and  the  indigo-carmine  precipitated  in  situ 
in  the  kidney  by  inji^cting  alcohol  into  the  blood-vessels.  It  was  found  that 
the  pigment  gmnnlcs  were  dejwsited  in  the  convoluted  tubes,  but  never  in  the 
Malpighiun  corpuseles. 

Still  further  proof  of  definite  secretory  functions  on  the  part  of  the  oells 
of  the  tubules  is  given  by  the  results  of  recent  histological  work  n[ion  the 
changes  in  the  cells  during  activity.  Van  der  Strir-ht,'  Disse,*und  Tiiimbnsti  ^ 
describe  definite  inoqihohpgieal  changes  in  the  epithi^lial  cells  of  the  convo1iit<'d 
tubes  and  ascending  |oo]>  oi'  Tlcnlc  which  thfv  ci^nuect  with  thf*  functional 
activity  of  the  eells.  Thr  dotails  of  the  descrijUious  differ,  but  the  nuthors 
agn^e  in  finding  that  tlie  material  of  the  sccn-tion  colh-cts  in  the  interior  nf  the 
cell  to  form  a  vesicle  which  is  afterward  discharged  into  the  lumen  of  the  cell. 
According  to  Dismi  the  inaenve  cells  are  stnall  and  granular,  and  (i>ward  the 
lumen  show  a  striated  biirder  of  minute  pn»eesses,  while  the  linnen  of  the  tulie 
is  relatively  wide.  As  tlir  fluid  seci*etion  aa-uraulates  in  the  cells  it  nuiy  be 
distinguished  as  a  clear  vesicular  area  near  the  nucleus.  The  cells  LMilarge 
and  project  towatvl  the  luiuen,  which  Ixicomes  smaller ;  the  striated  border  dis- 
appears.    Finally  the  swollen  cells  fill  tlie  entire  canal,  and  the  licjind  secre- 

*  Chmptet  ffflrfw,  1891,  and  Tmvaii  du  Laboratoin  ^Hietolofiie  de  T  Unirergitf  dx  Gnnd,  J892. 
* RrfemU  und  lieitriiij^  tur  JnoionuV  und  Entviek^ungt^eMihichte  (nnatomisohe  Ueft«},  ^lerkel 
mnd  Bonnet,  189:(. 

MrcAifvs  italicnnti  de  Bioloyif,  1898,  L  30,  p.  42fi. 
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n  is  einptieil  fmni  the  I'lUs  by  liltrattun.  \*mi  dfrStriclit  iK-lieves  tliattbe 
vi^ioles  rupture  an<l  (hiis  iinpty  into  the  lumen.  In  longitiKlinul  sections 
\Tinous  :!ta^s  in  the  priKM-sH  rniiy  be  seen  scattered  along  iht*  length  of  a 
siu^ie  tuhuie. 

iSecretion  of  tJie  Water  and  ScUU, — ^Thero  seems  to  l>e  no  question  that  the 
elimination  of  water  togollier  with  inorj^uuic  salts,  and  probahly  still  other 
soluble  constituents^  takt«  place  chicHy  through  the  glomerular  epithelium. 
Thid  9up|>usition  h  made  in  Ixith  the  general  theorie;)  that  liave  1km?u  men- 
tioue<i.  It  ha.s,  however,  loug  been  a  matter  of  controversy,  in  this  as  in 
other  glands,  whether  the  water  is  pnxlui'ed  by  simple  filtration  or  whether 
the  glomerular  epitljeliiini  taUej^  un  aetive  [lart  of  M)me  eliameter  in  witting  up 
the  stream  of  water.  The  problem  is  {K^rhaps  simpler  in  this  ca.se  than  iu  tlie 
salivary  glaud^^, -ince  the  direct  |mrtici|mtion  tjf  stvi-etory  nerves  in  the  prrjcess 
IK  exchidwl.  On  the  tiltrjUion  ihenry  (he  quauLity  of  urine  slmnld  vary 
directly  with  the  b loot  1 -pressure  in  the  glomerulus.  This  relatiom^hip  has 
been  acoepte<l  a.-i  a  ernetal  te.-^t  of  the  validity  of  the  Hltratiuu  theory,  and 
numerous  exj>eriments  have  been  maile  to  asoertaia  wlicther  it  iuvariably 
exists.  S[)eakin^  broadly,  any  general  rise  of  bl(HNl-])ressuiv  in  the  aorta  will 
occasion  a  greater  bloo«l-tlow  and  greater  pivssure  in  the  glomerular  vessels 
provideil  the  kidney  arteries  themselves  are  not  simultaneously  constricted  to 
a  sufficient  extent  to  counteract  this  favondde  influence  ;  whereas  a  general  fall 
of  pressure  should  have  the  op|)osite  iuflueuce  both  on  pressure  and  velocity  of 
flow.  It  has  been  shown  exjHrimentally  that  if  the  general  arterial  pressure 
falls  1h.*Iow  40  or  50  millimeters  of  mercury,  as  may  happen  alter  section  of 
the  spinal  coni  in  the  wrvical  region,  the  secretion  of  the  urine  will  l>e  greatly 
slowed,  or  suspeudwl  ciMjipletelv.  Constriction  of  the  small  arteries  in  the 
kidney,  whether  etfected  through  its  pro|>er  vaso-<xmstrictor  nerves  or  by  par- 
tially clamping  its  arteries,  causes  a  diminution  iu  the  secretion  and  at  the 
same  time  in  all  probabilitv  a  fall  of  pressure  within  the  ghmieruli  and  a 
climinution  in  the  tutid  tluw  of  I>1ihkI.  On  tlie  other  hini\\,  dilatation  of  the 
arteri<¥  of  the  kidney,  whether  pr(xluce<i  through  its  vaso-dilator  fibres  or  bv 
wxjtiou  or  inhibition  of  \i'=*  constrictor  fibres,  augments  the  flow  of  urine  and 
at  the  same  time  prolwbly  increases  the  pressure  within  the  glomerular  capiU 
luries,  and  also  the  total  quantity  of  bUnxl  flowing  through  them  in  a  unit  of 
time.  From  these  and  other  experimental  facts  it  is  evident  that  the  amount 
of  accretion  and  the  amount  of  pressuiv  within  the  glomerular  vessels  do  olU-n 
vary  t«tgether,  and  this  ivlationship  has  In-en  used  to  jirove  that  the  water  of 
the  secretion  is  obtained  by  filtration  from  the  blood-plasma.  But  it  will  bv 
observtxJ  that  the  quantity  of  secretitm  varies  not  *»nly  with  the  prf»ssure  of 
tlie  likHxl  witliiit  the  glomeruli,  but  also  with  the  quantity  of  bloinl  flowing 
through  them.  Heidenhain  has  insisted  that  it  is  this  latt^^r  factor  and  not 
the  intnu^pillarv  pressure  wineh  determines  the  rpKintity  of  water  fieercied. 
He  believes  that  the  glomerular  epithelial  cells  p«>Bsess  the  property  of  actively 
aeoreting  water,  and  that  they  are  not  simply  passive  filters;  that  the  fornaa- 
tioD,  in  other  wonls,  is  not  a  simple  mechanical  jirocess,  but  a  more  complex 
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one  depending  iiptrn  the  living  structure  ami  properties  of  the  epithelial  cjells. 
Ill  siip[>i)rt  of  this  view  he  quotes  the  fact  that  partial  conipresision  of  the 
renal  voiiis  quickly  sl(>ws  (»r  ?>(4)p.s  altoj^^ftliLT  the  How  of  urine.  Compression 
of  the  veiiis  .shoulil  raise  the  preri.suiv  within  the  vessels  of  the  glomeruli^  and 
upon  the  Hltration  hypothesis  i*houId  increase  rather  than  diminish  the  secre- 
tion. It  has  liceii  sliowii  also  that  if  the  renal  artery  is  con)pres;4ed  for  a 
short  time  so  as  to  ecjtnpk'tely  sliut  off  the  blood-flow  to  the  kiduey  the 
secretion  is  not  only  suspendai  during  the  clo>:ure  of  the  arteries  but  for  a 
long  time  after  the  cirtnilation  is  re-e-«tiibli.slic<l.  Aavjrding  to  Ticgerstedt, 
if  the  renal  artery  is  ligated  for  only  half  a  minute  thi^  aetivity  of  the 
kidney  is  susjjcnilctl  for  thrce-qniu'lers  of  an  hour.  This  fact  is  difficult  to 
understand  if  the  glomerular  cpitheHiun  is  regar<led  simply  as  a  filtering  niem- 
bnme,  !>ut  it  is  I'v^ilicaMi*  iipnn  tln'  hvjiathesis  that  The  epithelial  cells  are 
actively  eouceriKMl   iu   the  priMlurtioii  of  (lif  wat^n*. 

The  uncertainti''  as  to  the  mechanism  of  production  of  the  water  and  palta 
renders  it  dillieiilt  to  give  a  theoreticjd  cxplnuntirm  of  th<'  aftion  of  diuretics. 
Various  saline  substances,  such  as  XaC'l  aud  KXOj,  increase  the  ilow  of  urine. 
According  to  Starling/  these  suhstanceH  increase  the  bulk  of  water  in  the 
blorwl  by  drawing  water  from  the  tissues.  A  con<lition  of  hydnemic  {>lcthora 
easues»  causing  a  greater  volume  of  blaoti  iu  the  kidney  eapilluries  and  a  rise 
of  capillary  pressure,  eouilitions  that  favor  gn^ater  tiltmiinu  ami  account  in 
part  for  the  increased  amount  of  urine.  ExperimentH  seem  to  show,  however, 
that  the  coiutition  of  hytlncniic  plethora  passes  oft'  before  the  incrcase<l  secre- 
tion of  urine  ceases,  bo  that  tlu^  diiitvtie  action  of  the  salts  \^  not  due  to  this 
factor  alone.  Th«f  adherents  of  the  filtrntif)n  theon'  assume  thnt  iu  ad<lition 
the  wdts  ca\ise  a  vaso-dihitatit>n  in  the  kidnci,  and  thus  priMbice  a  ris*'  iu 
blood-pressurt'  in  the  glomeruli.  A<'fiirding  t*i  the  otluT  point  of  view,  these 
substances  may  be  considered  as  having  a  specific  stimulatijig  effect  upon  the 
glomerular  epith('linni.  So  the  netion  of  r»aiTcin  may  be  reterrrd  eitlier  to  n 
spiHMtic  action-  fin  tlic  hcereting  cells  or  }><jssibly  to  an  indirect  etlcct  exerted 
througli  the  circulation  of  the  kidney.  It  seems  clear  that  at  present  we  ore 
not  justiikMl  in  asserting  morc^  than  that  the  gloiiiernli  control  in  some  way  the 
production  of  the  wa»er  and  sjdtsof  the  seeretitMu  The  exti-nt  of  the  activity 
seems  to  be  eorn*lated  with  the  quantity  of  blood  Howing  through  tlie 
glomeruli. 

It  must  he  borne  in  ndnd,  however,  that  some  water  and  probably  also 
some  of  the  iufirganic  salts  are  seereteil  at  other  part^  of  the  lubule  along 
with  the  nitrogenmis  wastes.  It  is  of  iiiten^st  to  add  that  the  most  imjioitant 
of  the  abuornial  eoit<titneiits  of  the  tiriue  under  patlnilogieal  eonditioiis,  such 
as  the  albumin  in  albuminuria,  the  luernoglobin  in  luemoglol)iuuria,  and  tlie 
sugar  in  glvcosuria,  seem  likewise  tt>  escape  from  the  blood  into  the  kidney 
tubules  through  the  glomerular  epithelium. 

^JnunuU  of  Phffniohf^,  U^K  vol.  24.  (i.  317, 

*Sec  Von  S<'!iroe«Ier  :  Archir.  fur  ccper.  Palhutot/ie  und  Pharmakot.,  BU.  xxiv. 
Dreaer.  /6iU,  1892,  Bd.  xxix.  S.  303. 
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The  normal  siinHiluH  to  the  epitholinl  cells  of  the  convoluted  tubules, 
usin«r  the  term  oonvohitcil  \i\  iiu'litdr  the  nrtively  sorrt'tin^  parts^  goenis  to 
be  tl»e  pri'HeiK*  «jf  iiiva  iiiul  n-hitetl  ^iihf^taiires  In  the  l)h)uil  (lyjiiph).  Thnt 
tlie  eliiuiimtion  of  the  urea  is  not  a  simple  act  of  diffusion  seeni^  to  he  eh-iirly 
shown  hv  tile  tliet  that  its  iHTcrntngt'  in  the  [>lcM»d  is  nineh  tests  than  in  the 
nrine.  In  stwnt*  way  the  urea  is  selected  from  the  hloixl  and  j)aRS4'd  into  the 
liUMin  i>f  the  tubule,  an*!  allJKMigh  we  have  nncn^>sci»pie  eviilenee  that  this 
procei*s  involves  active  ehanjies  in  the  substance  of  the  oelli»,  there  is  no  ade- 
quate theon'  of  the  nalure  of  the  force  wliicli  attnicts  the  urea  from  the  sur- 
ronnilin)^  lymph.  The  whole  proecKs  nnist  be  nipiilly  efll'ctetl  by  the  cell, 
since  there  is  normally  no  heaping  iip  of  nn'a  in  the  kidney-<X'lls  ;  the  material 
\^  eliminated  into  the  tubules  as  *|uiekly  as  it  is  nreived  fron»  the  bhRwi. 
The  nitc  of  elimination  iuercases  normally  witli  the  inen•a^e  in  the  urea  in 
the  blood,  a8  AvoukI  be  expectwl  upon  the  aasiiniption  that  tJi'e  urea  itself  acts 
as  thr  ]»bysiolo<rical  stiinnhis  to  the  rpitlielial  cells. 

The  Blood-flow  througrh  the  Kidneys. — It  will  l>e  seen  from  the  tlis- 
ciiR^ion  above  that,  other  conditions  remaining  the  same,  the  secretion  of  the 
kidney  varies  witli  the  quantity  of  blmwl  flowing  through  it.  It  is  therefore 
in)|x>rtant  at  this  point  to  r(?fer  briefly  (o  llie  nature  and  cs|>ccially  the  regula- 
tion of  the  blofKl-Hiiw  ihrungh  this  orgjin,  althimgh  the  same  subject  is  referred 
to  in  connection  with  the  general  description  of  vasi.»-motor  regnlntioti  (see 
Circidation).  It  ha.s  l)een  nhowu  by  Lanvlerirren '  and  Tiegerst^-^it  that  the 
kidney  is  a  very  vascular  organ,  at  least  when  it  is  in  strf»ng  functional  netiv- 
ity  such  as  may  Ik*  pn)dnccd  by  tl»e  action  of  diuretics.  They  estimate  that 
iu  a  miinile's  time,  under  the  action  i>f  diurelies,  an  amount  of  bl<HMl  flows 
throUj^h  the  kidney  equal  to  the  wciglit  of  the  organ ;  this  i^  an  amount  from 
four  to  nineteen  times  as  great  as  octrni-s  in  the  average  supply  of  the  other 
organs  in  the  systemic  cin'ulaliou.  Taking  both  kidneys  into  a(xx)unt,  their 
figures  show  that  (in  strong  diuresis)  5,6  j>er  cent,  of  the  total  quantity  of 
bloTHl  sent  out  of  the  left  heart  in  a  minute  may  |iass  thrtjugh  the  kidneys, 
although  the  combined  weight  of  these  oi^ns  makes  only  0,56  per  cent,  of 
that  of  the  ImmU. 

The  nature  of  the  supply  of  va^o-motor  nerves  to  the  kidney  and  the  con- 
ditions which  bring  them  into  activity  are  fairly  well  known,  owing  to  the  use- 
ful invention  of  the  oncometer  by  Roy.'  This  instrument  is  in  principle  a 
pleihysmo^ri-aph  t?s]>ectally  nK.MliiJL'd  for  use  u|xhi  the  kidney  of  the  living 
animal.  It  is  a  kiduey-sha]>cd  box  of  thin  brass  made  in  two  parts,  hinged  at 
the  baek,  arid  with  a  ehosp  in  front  to  hold  them  together.  In  the  interior  of 
the  bttx  thin  peritoneal  membrane  issofaateued  to<5ich  half  that  a  layer  of  olive 
oil  may  be  placed  between  it  and  the  brass  walls.  There  is  thus  formed  in 
each  half  a  soft  |«ul  of  oil  uj>on  wJiich  the  kitlney  rests.  When  the  kidnev, 
freeil  as  far  as  |>ossiblc  from  fat  and  suri*ounding  cimnective  tissue,  but  with 
the  blood-vt^sels  and  ner\'es  entering  at  the  hilus  entirely  uninjureil,  is  laid  iu 

>  ShnntiinnriKhet^  Arthtvjw  Pftwioto^,  1892.  Bd.  IT.  &  241. 

*  See  Cohnlieitn  and  Ko^ :  Virfhou^t  .Arfhir,  1883,  ftd.  xcii.  S.  424. 
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oue-half  of  the  oncometer,  an<l  th(i  other  half  is  shut  down  n]nni  it  and  tiglitly 
fa^tentxl,  the  organ  is  surrounded  by  oil  in  a  box  vvhioh  is  liquid-tight  at  every 
pc»iut  except  one,  wlit're  ti  tube  is  led  off  to  some  suitable  ret'order  such  as  a 
tiuubi>ur.  Under  these  eoinlition.'!i  every  iruTetise  in  the  vohiine  of  the  kidney 
will  cause  a  proportional  outflow  of  oil  from  the  uneotueter^  which  will  be 
measured  l>v  the  r<x*order,  and  every  diintniition  in  voltime  will  beiieeom|ia- 
uied  by  a  reveree  elumge.  At  the  sjiuie  time  tljc  How  of  urine  during  these 
changes  can  be  determined  by  inserting  a  eauuula  into  the  ureter  and  measur- 
ing directly  the  outflow  of  urine.  By  thits  and  other  me:inH  it  has  been  shown 
tliat  the  ki(hiey  receives  a  rich  supply  of  vasf>-eonstri4"tor  nerve-fibres  that 
reach  it  between  and  round  the  entering  blotHi-ves,m?I(3.  These  fibres  emerge 
from  the  s|>itial  eoixl  chielly  in  the  lower  thoracic  spinal  nerves  (tenth  ti)  thii^ 
teenth  in  the  d(jtr),  pasrf  througli  the  syni|Kithetie  system,  and  reach  the  organ 
as  non-rnedullattHi  tibix's.  Stimulation  of  these  nerves  causes  a  contraction  of 
the  small  arteries  of  the  kidney,  a  slirinka^e  in  volume  of  the  whole  organ  as 
measureil  by  tlie  oncometer,  aiul  a  tliminislied  sHTetitm  of  urine,  W'hen,  on 
the  other  hand,  these  runstrictor  fibres  are  cut  as  they  enter  the  lulus  i)iL  the 
kidney,  the  arteries  are  dilated  on  aoi-oiint  of  the  removal  of  the  tonie  action 
of  the  constrictor  fibres,  the  organ  enlarj^es,  antl  a  greater  t|uantjly  of  blood 
passes  through  it,  since  ibe  resistance  to  ihe  blotni-fiuw  is  diminislied  while 
the  general  arterial  pivssure  in  the  aorta  remains  practically  the  same.  Along 
with  tliisgrc^ater  liow^jf  bliHKl  thereisa  jnarki^I  inei'easoin  (h('set*r(>tinu  of  urine. 
Under  nonniil  condilions  we  must  suppose  that  these  fibres  art-^  brought 
into  play  to  a  greater  or  less  extent  by  reflex  stimulation,  and  thus  serve  tt» 
control  the  hlooil-flow  throut«:h  the  kidnev  and  fherebv  influence  its  iunctioniil 
activity.  It  has  been  shnwu,  t<M>.  that  the  kidney  receives  vaso-dilator  nerve- 
fibi*es,  that  is,  fibres  which  \\hvi\  stimulated  directly  or  reflexly  cause  a  dilata- 
tion of  the  arteries,  and  therefore  a  greater  flow  of  blooil  thnmgh  the  organ. 
According  to  ]innlfi>nl,*  tliese  fibres  emerge  fnmi  the  spinal  ^•i^v^\  mainly  in  the 
anterior  roots  of  the  eleventh,  twelftli,  and  tiiiiteeulh  spinal  nerves.  Under 
normal  conditions  these  fibres  are  probably  thrown  into  action  by  reflex  stimula- 
tion and  lead  to  an  increased  functional  activity.  Ii  will  lie  seen,  therefoiX', 
that  (he  kidneys  possess  a  local  nervous  mecliauisai  through  which  their 
secretory  activity  may  be  increased  or  diminished  by  corresponding  alterations 
in  the  bloml-supply.  So  far  as  is  known,  tliis  is  the  only  way  fu  whidi  tlie 
secretion  in  the  kidneys  cmi  be  directly  aflecled  by  the  central  nervous  system. 
It  should  Ix'  borne  in  mind,  also,  that  tiie  bhn_Hl-flow  through  the  kidneys, 
and  therefore  their  see-retory  activity,  may  l>e  atl'ected  by  condilions  influ- 
encing general  arterial  pressuit'.  Conditions  such  as  asphyxia,  stryclinin- 
[K>isontng,  or  painful  stimulation  of  sensory  nerves,  which  cause  a  genend 
vaso-constricttont  influence  the  kidney  in  the  same  way,  and  tend,  therefore, 
to  diminish  the  flow  of  bloixl  through  it  :  while  conditions  which  lower 
general   arterial   pressure,  such  as  general   vascular  dilatation  of  the  skill 

>  JouriMi/  ofPhytiology,  1889,  vol.  x.  p.  358. 
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),  limy  ultio  deproiifi  the  secretury  action  ul'  tlie  kkluey  by  diniini8hiag 
the  amouDt  of  bliKxl  flowing  throujorli  it. 

In  what  way  any  given  cliange  in  the  vasonhir  ootiditionn  of  the  Ixxly  will 
intliioneo  the  st'cretioii  of  the  kidney  deprnds  njmu  u  nunil»er  of  liictorH,  and 
their  relations  to  one  another  ;  but  any  ehange  which  will  inci'ease  the  differ- 
f'Doe  in  presstire  betwitti  the  Ijlood  in  the  renal  artery  and  the  renal  vein  will 
lend  to  augnienl  the  fi<»w  of  Mijofi  nnle^s  it  is  antagoniatl  by  a  siranltaneous 
<Ninstrietion  in  the  siiiidl  iirleriej*  of  the  kidney  it.-elf.  Ou  the  contrary,  any 
Yusculur  dilatation  of  the  vessels  in  the  kidney  will  tend  to  increase  the  blotxl- 
flow  through  it  unless  there  is  at  the  «inie  titnc  such  n  generd  fall  of  h]oo<l- 
pressurens  is  siiHif^irnt  to  lower  the  pressuji'  in  the  renal  artery  and  redueethe 
driving  force  of  the  bkHxl  to  an  extent  that  more  than  eounteractd  the  favora- 
ble influence  of  dimini^lMil  resistance  in  the  stuall  art^^ries. 

Movementa  of  the  Ureter  and  the  Bladder. — {See  Mietnrition,  p.  3S9.) 

E.  Cutaneous  Glands  ;  Internal  Secretions. 

The  sebaceous  glands,  swnit-glanils,  an<i  inainaiary  glantisaiv  all  true  epider- 
mal structures,  and  may  therefore  be  conveniently  treated  together. 

Sebaceous  Secretion. — Tlie  sebaoecftis  glands  are  simple  or  compound 
alveolar  (jlands  found  over  the  cutaneous  Hurface  usually  in  association  with  the 
hairs,  although  in  t^ome  cases  tliey  occur  separately,  a^,  for  instance,  on  the  pre- 
puce and  glans  |>enis,  an<l  on  tl»e  lips.  Wlion  they  o<»cur  with  the  hidrs  the 
short  dn'*t  o[>eiis  into  the  hair-ft»llicle,  so  that  the  secretion  is  passed  out  upon 
the  hair  near  the  jMtiiit  when*  it  projects  from  the  skin.  The  alvecdi  an?  Filled 
with  enboidal  or  polygonal  epithelial  cells,  which  are  arranged  in  several  lay- 
ers. Those  nearest  the  lumen  of  the  crhnid  arc  filled  with  fatty  nnitoriaL 
These  cells  art^  supjK>-i^il  to  Ix*  cast  otf  l>odily.  their  <lelrituH  going  to  Jorni  the 
secretion.  New  cells  are  formeil  from  the  layer  nearest  the  basement  mem- 
brane, and  thu'i  the  glands  continue  to  produce  a  slow  but  continuous  s«vrelion. 
The  S4'baceous  secretion,  or  sebum,  is  an  oilv  si'mi-H^juid  material  that  sets 
upon  ex|>osure  to  the  air  to  a  cheesy  nia>«,  as  i»  seen  in  the  comedones  or  pim- 
ples which  so  fref|uently  twcur  uix)n  the  ^kin  from  <tcclustoii  of  the  opening  of 
the  ducts.  The  exact  composition  of  the  swrretion  is  not  known.  It  (Ytntuins 
fatH  and  sunpH,  some  chole^terin,  albuiniuims  material,  part  of  which  is  a 
nudef^Kalbumin  oJlen  ilescribed  as  a  casein,  remnants  of  epithelial  cells, 
and  inorganic  s'dts.  The  cholesterin  ocinirs  in  combination  with  a  fatty  acid 
and  is  found  in  t^s|H'cially  large  (juantities  in  sheep's  wool,  from  which  it  is 
extracit'cl  and  use<l  (vnimercially  under  the  name  of  lanolin.  The  selKiceous 
secretion  fi*om  difTerent  plnc»>s,  or  in  different  animals,  is  probably  Hiniewhat 
variable  in  com[Kjsitinn  as  well  as  in  r]uantity.  The  secnaion  of  (he  pn?pu<v 
i<i  known  as  the  urnefpna  prajnUii ;  that  of  the  external  auditory  .meatus, 
mixe<]  with  the  s4'<rrelion  of  the  ncighlM)ring  sweat-glands  or  ceniminousglanils^ 
forms  i\to  well-known  ear-wax  or  rentmen.  The  secretion  in  this  place  con- 
tains a  reddish  pigment  of  a  bitterish-sweet  taste,  the  composition  of  which  has 
not  been  inverttig:it«i.     Upon  the  skin  of  tlie  newly-born  the  seliaeeons  ma- 
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terial  is  accuiinilat;^!  tti  form  the  ve}-nix  caneofta,  Tlie  wfll-knowii  uropygal 
gland  of  birds  is  homoIogt»us  with  the  niammaltau  sebacams  glands  and  ite 
secretion  has  bt'en  obtaiiitnl  in  sufficient  quantities)  lor  eheniical  analvsiis, 
Physioloj^ieally  it  ia  l)elievetl  thiit  liie  sebueeouy  secrctioti  attbnls  a  protix'ttou 
to  the  skin  and  hairs,  Its  oily  character  doubtless  serves  to  protect  the  Iniirs 
from  becoming  Uh^  brittle,  or,  on  the  other  hand,  frnin  being  too  easily  satu- 
rated with  external  moisture.  In  this  way  it  probably  aids  in  making  the 
hairy  coat  a  more  i)erfeot  protection  against  tJie  efiet^t  of  external  cliangea  of 
tem|)erature.  Upon  t!ie  surface  of  the  skin  alsrp  it  forms  a  thin  protective 
layer  that  tends  to  }*rovcnt  uiuiue  h>ss  of  heat  frnin  evaporation,  and  possi- 
bly IP  important  in  other  ways  in  nuiintaiiiing  tlie  pliysiological  integrity  of 
the  external  surface. 

S'weat. — The  sweat  or  ]>ers]>iration  is  a  secretion  of  the  sweat-glands. 
These  latter  structures  are  found  over  the  entire  cutaneous  surface  except  in 
the  deeper  portions  o(  the  external  auditory  meatus.  They  luv  jiarticularly 
abundant  ufn^n  the  palms  of  tlie  bunds  and  ihe  S4)les  of  the  feet.  Kranse 
e^tiniaifS  that  their  total  nuudH-r  for  tin-  whole  cntaneotis  surface  is  about  two 
millions.  In  man  they  are  formed  on  (lie  type  of  simple  tubular  glands;  tlie 
tci-Miinnl  portion  coidains  the  si-crehiry  cells,  ujid  at  this  part  the  tube  is 
usually  coiled  to  make  a  more  or  less  compact  knot,  thus  increasing  the  extent 
of  the  secreting  surface.  The  larger  dnct«  have  a  thin  muscular  coat  of  invol- 
untary tissue  that  mav  pnssiblv  be  conceriu-d  in  the  eJH-tinn  of  (he  st-eretion. 
The  secretory  cells  in  the  teriniuid  ]>ortion  are  columnar  in  sliape^they  f>osses8 
a  gruiular  cytoplasm  and  are  arninge<l  in  a  single  layer.  The  atuonut  of 
secretion  forme<l  by  these  glands  varies  greatly,  Ix-ing  influence*!  by  the  con- 
dition of  the  atmosphere  :ls  regards  tem]>entture  anil  moisture,  as  well  as  by 
various  physical  and  psyrliical  stairs,  such  as  exercis4'  and  craotinns.  The 
average  quantity  for  twcnty-f(>ur  hours  is  siud  to  varv  In^tween  7tX)  and  900 
grams,  although  thi>  aiimiint,  may  Iw  doubled  under  certain  conditions. 

According  to  an  in(^'r^"^(ing  paper  by  Si-hifrbeck/  llie  average  quantity 
of  rtw<'at  in  twenty-four  hours  may  amount  to  2  to  3  liters  in  a  person  eh^thtni, 
and  therefori'  witli  an  avenige  tempcniture  of  tl2°  C\  snrromuling  the  skin. 
This  author  state's  tliat  the  amouuL  of  sMcat  given  oil'  from  the  skin  in  the 
form  of  inscusibk'  ]>erspinition  increases  pn»|x>rtiouately  with  the  teni|M*ni- 
ture  until  a  certain  critical  point  is  reached  (about  3*1°  C.  in  the  person 
invent igat<*<l),  when  there  is  a  mark*'*!  incn'as<:*  in  the  water  eliniiiiate<l,  ilie 
increase  being  simultaneous  with  the  formation  of  visible  sweat.  At  thesiime 
time  there  is  a  more  marked  and  sudden  increase  in  the  CX^,  eliminated  fmm 
the  skin,  from  .S  grams  to  20  grarns  in  twriity-f«»iir  hnnr>.  It  is  jHwsibIc  that 
the  ^ndden  increase  in  (X),  is  an  indication  of  greater  metabolism  in  the  sweat- 
glands  ill  connection  with  tlic  formation  of  visible  sweat. 

( ^tmfjositiou  nf  thf  Srt*rrttnti. — The  precise  clu-mli-al  roniposition  of  sweat 
ifl  diHicult  to  determine,  owing  to  the  fact  that  as  usually  obtained  it  is  liable 
>  Anhivjur  AnatomU  und  Phyni'ttogic  (Phjslol.  Abtheit},  1893,  B.  116. 
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to  !ie  niixef]  with  the  selmceotis  secretion.  Nornmlly  it  is  a  very  thin  secre- 
tion of  low  s|K*ei(if  gravity  (1004)  iiml  an  alkalino  rouciiiui,  altliough  when 
firet  secreted  the  reaction  may  be  acid  owing  to  a<linixtnre  with  the  sebaceous 
material.  The  hirger  {lart  of  the  inoi*ganie  Halts  consints  of  9o<liiini  chloride. 
Small  quautitie8  of  llie  alkaline  sulphates  and  phosphates  ai-e  alwi  present.  Tho 
urganic  constitueuts,  thongli  pre:>ent  in  mere  traces,  arc  quite  varieii  iu  nuru- 
bcr.  Urea,  uric  acid,  cretitiuin,  aromatic  oxy-  acidti,  etliereal  sulphates  of 
phenol  and  skutol,  and  alhrnnin,  are  said  to  oivur  whcu  the  Bwealiug  is  pro- 
fusii\  Argutin<ky  lias  shown  that  after  the  activai  of  vajxir-liathrt,  and  a-s  the 
result  of  miiJ^cular  wi>rk,  the  ainonnt  of  unti  eliniinatctl  iu  thif*  secretion  may 
be  couaidei-able  (see  p.  360).  Under  pathological  conditions  iuvolving  a 
diiuinishcf]  eliminatiou  of  urea  throuirh  tlie  kidncvs  it  him  l>een  ohAcrvetl  rhnt 
the  amount  lound  in  the  &.wc*at  i^  markiHliy  iuciva-Hed,  so  that  crystals  of  it 
may  be  dep«jsite<l  u|k)d  the  skio.  Under  |>erfectly  normal  conditions,  how- 
ever, it  i?  obvious  that  the  orgjinic  constituents  are  of  minor  i(n|>ortance.  The 
uiaiu  fact  to  be  considered  in  the  secretion  of  sweat  is  the  formation  of  water. 
Secniortf  Fibres  to  the  Svn^at-glmuh. — Detiuite  ex|M*rimeutid  proof  of  the 
existence  of  sweat-uerves  was  first  obtained  by(Jollz*  in  some  cxj»erinieutfl 
u]>on  stiuudatitm  of  the  Hciatic  nerve  in  (sits.  In  the  vmi  ami  dog,  in  which 
swi-at-glands  occur  on  the  balls  of  the  ^i^vX^  the  pres^'uce  of  j^weat-nerves  may 
Jh?  dfinoustrattHl  with  great  eai^.  Klectrical  stiuuilution  of  the  pt^ripheral 
end  of  the  divided  sriatio  nerve,  if  sufficiently  strong,  will  cause  visible  drops 
of  sweat  to  form  on  tlie  hairl4*>s  skin  of  the  lialU  nf  the  feet.  When  the  elec- 
trodes are  kept  at  the  same  spot  ou  the  nerve  and  the  stimulation  is  maintained 
the  secretion  soon  ceases,  but  tins  effect  seems  to  Ije  due  to  a  temporary  injurv 
of  some  kind  to  the  nerve-fibres  at  the  point  c)f  stimulation,  and  not  to  a 
genuine  fatigue  of  the  sweat-glands  or  the  swent-fibres,  since  moving  the  elec- 
trodes to  a  new  |xtint  on  the  nerve  farther  toward  thr  periphery  calls  forth  a 
new  Hecretifm.  The  se<*retion  so  formeil  is  thin  and  limpid,  and  has  a  markeil 
alkaline  reaction.  The  anatomical  ct^urse  of  these  fibres  has  been  worked  out 
in  the  cat  with  great  rtire  by  I^rmgley.*  He  fiml.-.  that  for  tlie  hind  feet  tiiey 
leave  the  .<tpinal  c<)rd  chiefly  in  tlu*  fir^t  and  second  lund)ar  nerves,  enter  the 
sytnpMthetic  chain,  an*l  emerge  from  this  as  non-nusltdtated  tibi*es  in  tlie  gray 
rami  prctceetling  from  the  sixth  himlNir  to  the  B(^i>nd  8uei*ul  ganglion,  bnt 
chii'fiy  in  the  seventh  lutidiar  and  first  sacnd,  and  then  join  the  nerves  of 
the  M'iatic  ph'XU-i.  For  the  fore  feet  the  filnx's  Iea^  e  the  spinal  cord  in  the 
fourth  to  the  tenth  thoracic  nerves,  enter  the  sympathetic  chain,  pass  upwanl 
to  the  first  thoracic  ganglion,  whence  they  an*  continued  as  non-mcilullatc<l 
fibres  that  jmss  out  of  this  ganglion  by  the  gniy  rami  communicating  with 
the  nerves  forming  the  brachial  plexus.  The  action  of  the  nerve-fibres  ujwn 
the  sweat-glands  (^uinoi  lie  explainwl  as  an  indirect  effect — for  instauce,  ;is  a 
result  of  a  variation  in  the  bloocl-flow.  Kx|)criments  have  rr-peatcdly  ^howu 
tJmt,  iu  the  cat,  stimulation  of  the  sciatic  still  calls  forth  a  secretion  af^cr  the 

*  Arthir  fnr  di*  geaammtf  PAy#io/w;i>,  1875,  M,  iL  8.  71. 
'  JounuU  of  Pkftwlo^,  ]8V1,  vol.  xii.  p.  347. 
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blood  has  been  shut  off  from  the  leg  bv  ligation  of  tbt  aortii,  nr  iiideeil  after 


the  leg  has  been  anipiitated  for  as  long  as  tMenty 


So 


mati 
kin, 


nnuutes 
neings  it  is  Known  mat  prornso  sweating  niav  ott-en  aoconipa 
as  in  terror  or  nausea,  wliile  on  the  other  hand  the  Hitsfjed  r?kiii  of  fever  is 
characterized  by  the  absence  of  j>erspinitit>ri.  There  seems  to  be  no  doubt 
at  all  tliat  the  swt'at-nervrs  arr  gftuiiiK^  srcrrt^irv  lihren.  riinsing  a  secretion 
in  eonstMjnciHT  of  a  direct  iietitjri  un  the  eells<)l'  ihc  swcat-^jlaiids.  In  a<ronl- 
nnce  with  this  physiological  fai-t  hintoU^gical  W(»rk  ]la^  d(  iiioiiBtnited  that 
special  nerve- fihres  ait?  Bujifdietl  to  the  glandular  epithelium.  According  to 
Arnstein  '  the  terminal  lihrcs  form  a  small  hmiicliinu:  varictfsie  ending  in  etm- 
tact  with  the  epithelial  cells.  The  sweat-gland  may  Ix*  nuide  to  secrete  iu 
many  ways  other  than  by  dirivt  artiticial  excitation  of  tlie  &\vcat-fibri»>< ;  for 
example,  by  external  lieat,  dy.^pn<ca,  mnwulur  exercise,  strong  emotions,  nn<l 
by  the  action  of  various  drugs  such  as  pilm-arpiu,  musearin,  t'trychuin,  nie^uin, 
picrotoxiu,  and  physostigmin.  In  all  such  eases  the  effect  is  suppi^sed  to 
result  from  an  action  on  the  swcat-fihres,  either  directly  on  their  terminations, 
or  indirectly  upon  their  cells  of  origin  in  the  central  nervrms  system.  In 
ordinary  life  the  usual  cause  of  pmfuse  sweating  is  a  high  external  tem|»er- 
ature  or  muscular  exerciw.  With  ivgard  to  the  former  it  is  known  that 
the  lugh  teinpcrnlnrc  docs  not  excite  tlje  sweat-glands  immctliately,  but 
through  the  intervention  of  the  central  nervoos  system.  If  the  nerves  going 
to  a  lirab  be  cut,  exptfsnrc  of  that  liinb  to  a  high  temperature  diX's  not  cause 
a  secretion,  showing  that  the  temperature  oliange  alone  is  n<it  sufficient  to 
excite  the  gland  or  its  terminal  uerve-fibrca.  We  must  suppose,  therefore, 
that  the  high  tcni|x'ratnrc  acts  u}Min  the  sensory  cutaneous  nerves,  jHis.sibly 
the  heat-fibres,  and  reflexly  stimulates  the  sweat-fibres.  Although  external 
temperature  does  not  directly  exciie  the  glands,  it  should  Ije  statcfl  that  it 
affi'cts  iheir  irritahilily  either  by  direct  action  on  the  gland-cells  or  upon  the 
t^'rndnal  ncrvc-Hhrcs.  At  a  suHiciently  low  temperature  the  t-at's  \k\\\  does 
not  secrete  at  all,  and  the  irritability  of  tin;  ghuwls  is  increased  by  a  rise  of 
t<'ni|ienUiirc  U[)  to  about  46*^  C. 

Dyspnoea,  muscular  exercise,  emotions,  and  many  drugs  affect  the  secretion, 
prohably  by  action  on  the  nerve-centres.  I*ilocarpit»,  on  the  contmry,  is 
known  to  stimulate  the  endings  of  ilic  nerve-fibres  in  tbc  glands,  while  atropin 
has  the  opposite  effect,  completely  paralyzing  the  secrelurv  fihrvs. 

Siceat-cadn'Ji  In  the  Centrtti  yrmms  Sifsfptn. — The  fact  that  secretion  of 
sweat  may  be  occasioned  by  stinuilation  of  afferent  nerves  or  by  direct  action 
upou  the  central  nervous  svstem,  as  in  the  cas*^  of  dyspnowi,  implifs  the  exist- 
ence (d'  physiologicid  centres  controlling  the  secretory  fibi*es,  The  precise  loca- 
tion of  tJjp  sweat-centre  or  centres  has  not,  however,  been  sj\ti.«ract<irily  deter- 
mined. Histologi<fdly  and  anatomicidly  the  armngement  of  the  sweat-fibres 
resembles  that  of  the  vaso-<'onstric(or  fibres,  and,  reasoning  from  analogv,  one 
might  suppjse  the  existence  of  a  genend  sweat-i.'entre  in  the  medulla  compara- 
ble to  the  vaso-<x)nstrictor  centre,  but  positive  evidence  of  the  existence  of  sueli 

'  Atttttomuckaf  Aiutitfei\  1895,  Bd.  x. 
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an  arranjTvnicnt  is  liickiuj^.  ll  iias  beeu  kIiowii  thuii  wiuii  tlic  mfHlull:i  is 
ipuratetl  froiu  the  coni  by  a  se«tion  in  the  oervicul  or  thomcic  ivj^loii  the 
action  of  dyspntta,  or  af  various  sudorific  dru^  i^upposed  to  act  on  t!ie  ccn- 
tml  nervous  system,  may  still  <-'auso  a  socrutiou.  0\\  the  eviduuee  of  results 
of  tliis  character  it  is  assumeil  that  there  are  8pinal  bweat-i-entres,  but  whether 
these  are  (vw  in  number  or  rtproM?nt  simply  tlie  variou>  mulei  of  origin  of  the 
fibres  to  ditlerent  regions  is  not  definitely  known.  It  is  possil)1e  that  in  addi- 
tion to  thesi'  spinal  centres  there  is  a  p;eneral  roguhiting  ecntre  in  the  me<lnl]a. 

.Mammauy  Gi.ani^w. 

The  mammary  ghuxlB  are  undoubtedly  epidermal  ^truetu^eft  oorapamble  in 
development  to  the  sweat-  or  the  sel>aceoua  glands.  AVliether  they  are  to  be 
homolnjrizwl  with  tlic  sweat-  or  with  the  sflmctMms  glands  is  not  cl(?arlv  deter- 
mined. Ill  most  ;iniriia]s  they  are  coiujKHiud  a] veohir  inlands,  and  their  ueinoiis 
structure  and  the  v\A\  albuminous  and  fatty  constituents  of  their  secretion 
would  M-eni  to  siijtrjjwt  a  rt^latitvuship  to  the  seba^HNius  glands.  But  the  histo- 
lojjjicid  blructure  of  (he  alveolus  with  its  single  layer  of  epillK'limn  jjoints 
ratlier  to  a  connection  with  the  sweat-glands.  Wliatever  may  have  been  tlieir 
exact  orijjin  in  the  primitive  mammalia,  there  seems  to  be  no  question  that 
they  wf?n>  derive*!  in  tlie  first  piae*'  from  some  of  the  ortlimirv  skin-glnmis 
which  ut  first  Kimply  o[>encd,  williout  a  <Iistinct  mnmmu  or  nipple,  on  a  defi- 
nite area  of  the  skin,  as  is  seen  now  in  the  case  of  the  monotremes.  Later 
in  the  phylogenctic  history  of  the  gland  the  se|>arate  <luct.«  nnilc<l  to  form 
one  or  more  larger  ones,  and  these  o|>ened  to  the  exteriijr  u}Min  the  protrusion 
of  the  skin  known  as  the  nipple.  The  nutuber  and  ]H)sitioD  of  the  glands 
vary  much  in  the  tlifTcrcnt  niammalia.  In  man  they  are  found  in  the  thoracic 
region  and  an-  normally  two  in  nundHT.  The  ndlk-ducts  do  not  unite  to 
form  a  single  canal,  but  form  a  group  of  fiHeen  to  twenty  separate  systems, 
each  of  which  opens  separately  uptm  the  stirface  of  the  nipple.  Before  preg- 
nancy the  secreting  alveoli  are  incNjmpletely  f(»rmecl,  but  during  pregnancy 
and  at  the  time  lactation  begins  the  formation  of  the  alveoli  is  greatly  acceler- 
ated by  proliferation  of  the  epithelial  cells. 

Composition  of  the  Secretion. — The  general  apjK'aranw  and  comjKJsi- 
tion  of  the  ndlk  are  well  known.  Microscopically  milk  consists  of  a  liquid 
|)ortion.  or  plasma,  in  which  Hoat  an  iunnmendde  multitude  of  fine  fat-<lrop- 
lets.  The  latter  elements  contain  tlte  milk-fat.  which  consist*  chiefly  of  neutral 
fats,  stearin,  palmitin,  an*!  (dcin,  but  ^-ontains  also  a  smnll  amount  of  the  fats 
of  butyric  and  ^tiproic  acid  as  well  as  hlight  traces  of  i)ther  fatty  acid  oom- 
(M>uuds  and  small  amounts  of  lecithin,  cholestcrin,  and  a  yellow  pigment.  Upon 
8tanding,  a  portion  of  these  elements  rises  to  the  surface  to  form  the  cream.  The 
roilk-plasma  holds  in  solution  important  proteid  and  carlwhydratc  c<imponnds 
.as  well  aa  the  ne<?essary  inorganic  salts.  The  proteids  are  casein,  Ix-longing  to 
the  gronpof  nucleo-albumins  ;  lactalbumin,  which  closely  resembles  the  serum- 
albumin  of  blood,  and  lacto-globuHn,  which  is  similar  to  the  paraglobulin  of 
blood  :  the  two  latter  proteidn  (xxnir  iu  much  smaller  quantities  than  the  casein. 
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The  chief  carlwhydrate  in  milk  is  the  milk-sugar  or  lactoise,  Ilamraarsten  ^ 
has  sufoeeded  in  isolating  from  the  mammary  glaud  a  nucleo-proteid  contain- 
ing a  rtnliicing  groiij*.  He  desig;imtes  this  substance  as  nncleo-glyffwproteid. 
It  heiMns  possible  that  a  com  pound  of  thl'^  character  might  serve  aa  the  parent 
Bubstauce  for  both  the  casein  and  the  lactam  of  the  secretion.  The  mineral 
constituents  are  varied  and,  considered  quantitatively,  show  an  interesting  rela- 
tionship to  the  niiueml  comfMjsitiou  of  the  btKly  of  the  surkling  (see  p.  .3fi7V 
The  fact  that  the  inorganic  salts  of  the  milk  vary  so  widely  in  quantitative 
composition  from  those  of  the  blood  has  been  used  to  show  that  they  are  not 
derivc^l  frimi  the  bhiod  by  th**  sini[»lc  nK'clKmi4':il  pnHM-sses  of  filtration  and 
ditfiisfon,  but  are  swrete*!  by  tlie  epithelial  cells  of  the  glands.  Traces  of 
nitrogeneous  excreta,  sucli  as  urea,  creatin,  and  creatinin,  are  also  found  in 
the  milk-plasma,  tx>gether  with  some  lecithin  and  chulesteriii  and  a  siujdl 
amoniit  of  citric  acid  *K.rurring  xs  citrate  of  calcium. 

Histological  Chanffee  dtuing*  Secretion. — The  simple  fact  that  6ul>- 
stanccs  are  fuui*il  in  the  juilk  which  do  not  occur  in  the  blood  or  Ivmph  is 
sufficient  pixwjf  that  the  e|jilhcliul  cells  are  actively  e^)ucerned  in  the  priK-ess 
of  secretion.     Histological  examination  of  the  gland  during  lactation  confirms 

fully  this  a  /jnon  deductit>n,  and  enables 
us  to  understand  tlie  probable  origin  of 
some  of  the  impnrtjint  constituents.*  In 
the  resting  gland  during  the  period  of 
gestation,  or  in  certain  alveoli  during 
lactation,  the  alveoli  are  lined  by  a  single 
layerof  flattened  or  culxjidal  cells,  which 
have  only  a  single  nnnlms,  present  a 
granular  appear:mcx\  and  have  few  or 
no  iat^globules  in  them  (Fig.  fi6). 
AVhcu  ^iich  nlveoli  enter  into  the  active 
formation  of  milk  the  epithelial  cells 
increase  in  height,  projecting  in  toward  the  lumen,  the  nuclei  divide,  and  as  a 
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Fni.  66.— ScclfMn  llin)UKb  the  middle  of  Iwo 
alveoli  of  the  mAmnitirjr  ({Iniid  nf  the  doff ;  coo* 
dlUon  of  rest  (after  Hcldcnbaln). 


A  B 

Fio.  rt?.— Mfimmnry  glnnd  of  dog,  iihowln^  the  forrnnHon  of  the  leoretioD :  At  medium  condlttoD  of 
growth  of  the  epithelial  cf;llA  :  H,  a  later  eoudltlnn  (aaer  Hcldonhnln). 

rule  (Steinhaus*)  eacli  cell  contains  two  nuclei  (Fig,  67).     Fat-droplets  de- 
velop in  the  cytoplasm,  especially  in  the  free  end  of  the  cell,  and  accoi-diug  to 

>  ZeiUthrift  /iir  phttMii^lotjUehf  CUmif,  18!M.  Bd.  xix.  S.  19. 

•  Sec  Hcideohain  :  HinnanrCn  HanHbuch  der  PhyinoltMjU,  1883,  Bd.  v.  8.  881. 

*  Du  BoU-BetfTrvmcTt  ArcKiv  JUr  Ph^iolngir,  1892,  Snppl.  Bd,,  6.  64. 
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SteinhauB  the  uucleiis  nearest  the  luinm  umlcrgoei^  a  fatty  metamorphosis. 
According  to  the  same  author  die  granular  material  in  the  cytoplasm  also 
untlergoes  a  visible  <_!han^p ;  the  granules,  whioh  in  the  resting  cell  are 
spherical,  elongate  diirinp;  the  stage  of  activity  to  threads  that  take  on  a 
epiroohwta-like  form.  The  acme  of  this  phase  of  development  is  reached  by 
the  solution  or  disintegration  of  a  portion  of  the  end  of  the  cell,  the  frag- 
mentit  being  disehargwl  into  the  lurnen  of  the  alveolus.  The  d^l»ris  of  this 
diMutegratcd  jxirtioii  of  the  cell  helps  to  form  the  secretion  ;  part  of  it  goes 
into  solution  to  form,  prolmbly,  the  albuminous  and  carlx>l»ydrute  constituents, 
while  the  fat-dn>plc'ts  are  set  free  to  form  the  milk-fat.  A[)pai*enlly  the  basal 
]M>rtion  of  the  c«.'ll  regenerates  its  cytoplasm  and  thu^  continues  to  form  new 
material  for  the  secretion.  In  some  cases,  however,  the  whole  cell  seems  to 
umlergo  dissolution,  and  its  place  is  taken  bv  a  new  cell  formed  bv  knrvit- 
kinetic  division  of  one  of  tlie  neighboring  epitlieliul  tvlls.  The  origin  of  tlic 
peculiar  colostrum  corpuscles  found  in  the  milk  during  the  first  few  days 
of  its  secretion  has  been  explained  differently  bv  diflVrent  observers.  Heid- 
euhaia  traces  them  to  certain  e]>ithelial  cells  of  the  alveoli  which  at  this 
time  become  rounded,  develo|»  numerons  fat-droplets,  and  ai'e  finally  dij^- 
charged  bodily  into  the  lumen,  although  he  was  not  able  to  actually  trace 
the  intermediate  steps  in  the  prirfvss.  Sieinhaus,  on  the  contran',  thinks 
that  these  eorpusi'les  are  derived  from  the  wamlering  cells  of  the  connective 
tissue  {MaMzclh'ii)  which  at  the  U'ginning  of  lactation  are  very  numerous, 
but  seem  to  undergo  fatty  d<^»neraiion  and  elimination  iu  the  secretion  of 
the  nt'wly  active  gland. 

Coutrol  of  the  Secretion  by  the  Nervous  System. — There  are  indica- 
tions that  the  secretion  oi'  the  mammary  glands  is  under  the  o.)ntrol,  to  some 
extent  at  least,  of  the  central  !icrvoiis  system.  For  instance,  in  women  during 
the  peritxl  of  la(*tation  cases  have  been  reeordecl  in  which  the  secretion  was 
altered  or  perhaps  entirely  suppressed  by  stn^ng  emotions,  by  an  epilepti**  attack, 
et<'.  This  indicaiion  hiLS  not  received  satisfin'tnry  confirmation  from  tlie  sicJe 
of  experimental  phvsiolojr^'.  Eckhanl '  fonml  that  wction  t»f  the  main  nerve- 
trunk  supplying  the  gland  in  goats,  the  external  s|x?rniatic,  caused  no  dif- 
ference in  the  quantity  or  quality  of  the  secretion.  Hohrig*  (tbtained  more 
positive  results,  inasmnc^h  as  he  found  that  some  of  the  branches  of  the  exter- 
nal 8|)ermatie  supply  va.so-motor  fibres  to  the  blotxl-vessels  of  the  gland  and 
influence  the  secretion  of  milk  by  atntrolling  the  local  bhxid-flow  in  the 
gland.  Section  of  the  inferi<tr  brancli  of  this  nerve,  for  example,  gave  in- 
creased secretion,  while  stimulation  causeil  diminished  secretion,  as  in  the 
rofie  of  the  vaso-ci>nstrictor  fibres  to  the  ki<lney.  These  results  have  n«it  been 
confirmed  by  other? — in  fact,  they  have  been  subjected  to  adverse  criticism — 
and  they  cannot,  therefore,  Ik?  ac<x*pted  unhesitatingly. 

Mironow '  ref>ort6  a  number  of  interesting  experiments  made  upon  goatA. 

1  See  Tletaeiihain :   IJrrmann'B  Hamibuth  drr  Ph^sioUtqir^  Bd.  v.  Till.  1.  &  3VS. 
•  FirYAWi  Arckit  fur  pathoio^Kt  Aiuitomxf^  etc,  1876,  Bd.  87,  S.  119. 
■  Ankive*  </«•  Seitnet*  hioUtgiqHMm,  Ht  Pctenbuq^.  1894,  L  iii.  p.  STiS. 
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He  fotiud  that  urtificiul  tjtimulatioii  of  .sensory  nerves  caiif^eR  a  diminution  in 
the  aiuuuiit  uf  secretion,  thus  cuufiniiiug  the  upiuimi  based  upon  obfiervaltuus 
ujKiii  tlie  human  Ijeiiig,  that  iii  Hwiie  way  tlie  (vniral  nervous  system  oxerta  an 
inilu*'iu'i!  an  thL^  niiiuHmin"  gliuuh  When  thr*  iimninuuy  ghinds  are  com- 
pletely isolated  from  their  coiiuectiuiis  with  the  central  nervous  system,  stimu- 
lation of  :ui  atfereiit  nerve  no  ]<»n;;er  influences  the  secretion.  Mironow 
states  also  that  aitlumgh  section  of  the  external  spennatic  on  one  sitje  does  not 
iofluenoc  the  Heerction^  section  of  this  nerve  on  both  sides  is  followed  by  a 
maiked  diininutitm,  and  the  same  result  is  obtaineil  when  the  gland  on  one 
side  is  compleLely  iMjlat^nl  from  all  nervous  connectiuiis.  Tlie  diminution  of 
the  secretion  in  these  cases  cNinies  on  very  slowly,  after  a  nnnd>er  of  days,  so 
that  tJie  effect  cannot  Ik?  attrilnited  to  the  i-ewoval  of  definite  t^ecretorv  librea. 
Moreover,  after  ap]>:irrntly  i-omfilete  separation  of  the  gland  from  all  its 
extrinsic  nerves,  nut  only  tlnrs  the  secretion,  if  it  was  previously  pres(>nt,  con- 
tinue to  form  although  in  lesf)  quantities,  but  in  operations  of  this  kind  upon 
jjregiiant  animals  the  glands  increase  in  >ixe  during  pregnancy  and  become 
functifniid  after  the  act  of  parturition. 

Ex|)erimeiils,  therefor*;,  as  far  ns  they  have  been  carried,  indicate  that 
the  gland  ts  uiuler  the  regulating  cnntrul  of  tlie  central  nervous  system,  either 
through  stvretory  or  vaso-niotor  Hhres,  but  that  it  is  essentially  an  automatic 
organ.  The  bond  of  connection  between  it  and  the  uterus  seems  to  be,  in  part 
if  not  entin'lv,  through  the  hhnwl  rather  tlirui  tfirongh  tlie  nervous  javstenu 
It  should  be  adtlml  that  Anistetii  '  has  de!-criljed  a  deliiiite  ounne^'tiotj  between 
tlie  nerve-tibres  ancl  the  ejnthelial  wlls  f>f  the  gland.  If  this  fact  is  corrobo- 
rated it  would  amount  to  an  histological  proof  of  the  existence  of  special 
secretory  fibres^  hut  tlie  physiological  eviden^i'  f<ir  the  same  fact  is  cither 
U^^tive  or  nnsitisfaclory. 

Normal  Secretion  of  the  Milk. — As  was  said  in  speaking  of  the  his- 
tiilogy  of  the  gland,  the  secreting  alveoli  are  not  fully  forntc*!  until  the  Hist 
j>rt»gnancy.  During  the  periiMl  of  gestiition  the  epithi-lial  cells  nmttiply,  the 
alveoli  are  formed,  and  aAer  jmrturition  secretion  begins.  At  fii*st  the  secre- 
tion is  not  true  milk,  but  a  lit^tiid  difTering  in  composition  and  known  as  the 
colostrum;  this  secretion  is  characlerized  nueroseopiciilly  by  the  existem^e  of 
the  colostrum  corpuscles,  which  seem  to  be  wandering  cells  that  have  under- 
gone a  complete  fatty  degeneration.  After  a  few  ditys  ttie  true  milk  is  formed 
in  the  manner  already  descril>cd.  Awording  to  Rohrig  the  secretion  is  oon- 
tiuuous,  but  this  statement  neetls  tHJufirinalion.  As  the  liquid  is  formeil  it 
accumulates  in  the  enlarge<l  galactihphorous  duct**,  and  afler  the  tension  has 
reached  a  certain  j>rint  further  secretion  is  apparently  inhibited.  If  the  ducts 
are  emptied,  by  the  infant  or  otherwise,  a  new  secretion  bci^ins.  The  emptying 
of  the  ducts,  in  fact,  seems  to  confititute  the  normal  physiological  stimulus  to 
the  gland-cells,  but  how  this  act  atfects  the  secreting  cells,  whether  iiflexly  or 
directly,  is  not  known.  Wlicn  the  child  is  weaned  the  secretion  under  normal 
conditioim  soon  ceases  and  the  alveoli  undergo  retrograde  chaQges,  although 
1  Amiitmischtr  Anseiyer,  1805,  Bd.  x.  a  4ia 
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they  do  u<»l  returu  coinpletely  to  the  i*()i](.hlioii  they  werc  in  before  U»e  first 
prvgiiuiKV. 

Internal  Secketions. 

AccunJiug  to  the  definition  proposed  on  p.  211,  the  term  inlemal  secretitm 
is  hen*  uso*l  to  \wi\\\  a  sjH'<:ific  »>nhstan(%'  or  sii Ijistancv.^  formisl  within  ii  trhnid- 
ular  orgim  and  givi.^u  uJI'  l^  the  blood  or  lymph.  As  wiia  said  Ivfure,  it  in 
diflicult  to  make  a  dtstiuction  between  the8e  interual  seoretions  and  the  wa-ste 
protiuots  of  nietalxtlisin  generally  so  fur  as  method  aud  plaee  of  forniatiitn 
uiid  elimiuatiou  are  coucenieiL  Every  aetive  tis-jue  gives  oiY  wtisle  prmJueis 
that  are  borne  off  in  the  lymph  and  blood,  but  as  generally  employed  the 
term  internal  serretiiiu  is  not  nu-ant  to  iiu^indeall  sneh  proiiuem,  hut  only  the 
materials  prmlneed  in  tlistiiietly  ^himhilar  orjruis  wliieh  are  more  or  less 
ftp(?cifi('  to  those  organs,  and  whieh  are  sn|i|M)sed  to  have  a  general  vahie  t^ 
the  l)odv  aa  a  whole.  The  idea  of  an  intertial  stH'retion  seems  to  have  been 
8npj^est«'d  by  Uernard,  but  was  first  seriously  foreetl  u[Mm  the  attention  of 
phvsiotogists  by  Iin>wn-S<x|uard  in  the  eonrse  of  stinie  work  upon  extracts 
of  the  testis.  Within  the  last  few  years  the  term  has  been  fre<iuently  uswi, 
esjMHriallv  in  eonnection  with  the  vahiable  and  intert'stitt^  wiirk  done  n|M»n  the 
panerea.H  and  the  su-ralled  bltwHi-viisenlar  or  ductless  i^hirnl?,  the  thyroids, 
adrenals,  pituitary  Ixnly,  and  spleen.  In  almost  all  ca^s  our  knowledge  of 
the  nature  nruJ  iruj»<»rtanee  of  these  internal  secretions  is  in  a  formative  stage  ; 
the  literature,  however,  oi'  the  snbjeet  is  already  very  gn*at,  and  is  increasing 
rapidly,  while  speculations  are  numerous,  so  that  constant  t*on tact  with  current 
literature  is  necessur)-  to  keep  pace  with  the  advance  in  knowle<lge. 

Liver. — It  has  not  Im^u  customary  to  s|»eak  of  the  liver  as  furnishing  an 
internal  seeretion,  but  two  of  the  prtKlucte  formed  witliin  this  oi*gan  are  so 
clearly  known  and  their  methoil  of  production  is  so  typiml  of  what  is  suii- 
j>o9ed  to  be  the  mechanism  of  internal  secretion,  that  it  is  desii^ablc  both  for 
the  sake  of  oonveniont^e  and  consistency  to  include  iheni  un<lcr  dii»  general 
heading.  Glya^gen  (C^Hi„Oj),.  is  fbrme<l  within  the  liver-cells  from  the 
sugars  and  proteids  brought  to  them  in  the  bhxxl  of  the  portal  vein,  and  in 
manv  e:t'^es  the  presence  of  thin  gly<'ogt*n  can  l>e  ilemonstnited  mieroscopicidly 
within  the  eells.  Fnmi  time  to  time,  however,  the  glycogen  witliin  the  cell 
id  converted  into  dextrose  by  a  pnxN»8  of  hydration, 

C.H,A-H,0  =  f'.H,A. 

and  the  sugar  so  forme<l  is  by  a  secretory  ]>rix>*>*  of  sonje  kind  given  off  to 
the  blood  to  serve  for  the  metabolism  of  the  oilier  tissues  of  the  IxhIv,  es- 
pecially the  muscles.  This  elimination  of  its  stored  glycogen  on  the  part  of 
the  liver  may  lx>  n^'gunled  :i.n  a  t^ase  of  internal  secretion.  (For  further  details 
concerning  glycogen,  its  properties  aud  functions,  see  p.  326  and  the  section 
on  Chemistry.)  A  second  substance  which  is  formed  under  the  influence 
of  the  liver-cells  and  is  then  eliminatcil  into  the  bltMjd  is  una.  Unna  I'on.stitutc-s 
4be  chief  nitrogenous  end-product  of  the  metabolism  of  the  proteid  tissues;  it 
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is  eliminateil  from  t!ie  botJy  Ifv  tlio  kitlneyej  but  it  is  knoMH  not  to  be  formed 
in  these  organs.  Modem  irnestigritions  have  seemed  to  show  coiieiusively 
that  this  snb^tanct'  is  riirnicd  iiiaiiilv  within  tlic  liver  from  ^mw  unle- 
cedent  bixly  (uiniiioiiiu  i'(iiu|)oiiiul)  wliicli  arises  iu  the  pititcid  tib^ues 
generally,  but  is  not  prejwired  for  final  elimiuatiou  until  in  the  liver  or  elde- 
whore  it  is  converted  iiitiv  urea.  Here  ajiaiit  the  liver-trll:?  perform  a  metab- 
olism for  the  good  ui*  the  organisuj  as  a  wliuk'j  and  the  act  of  passing  out 
the  urea  into  the  blood  inuy  be  regartled  as  an  internal  secretion.  It  is  quite 
possible  that  in  still  other  ways  the  liver-cells  add  to  the  blotnl  elements  of 
important  to  the  tissues  of  llic  bcnly^as.  for  ('xani]ili',  in  the  <Hinservatitin  anJ 
di.^tribntiun  nf  the  iron  i>f  brokeu-iluwu  hieinoglobin  (m^g  \k  323),  nr  in  the  syn- 
thetic eonibiualion  of  the  pro<luels  of  putrefaetion  formed  in  the  intestines  (indol, 
skatol,  phonol,  etc.)  with  sul|>[iurie  aeid  (see  p.  340) ;  but  eoiuM^^rning  theso  mat- 
ters oiir  kni>wledtrc?  is  nut  vet  sutlieientlv  dulhiile  \u  make  pttsilive  statements. 
Pancreaa. — The  iui[>ortance  of  the  external  secretion,  the  jxincrcatJe  jni^-e, 
of  t!if  panereas  has  loop;  Ix-eii  reeo^nizod,  l>ut  it  was  not  tnitil  1880  that  von 
Mt'liring'  and  Minkowski  proved  that  it  i'lirnishes  also  an  etjually  imix»rtaut 
internal  secretion.  These  observers  sua^eeded  in  extirpating  the  entire  pan- 
creas without  (fusing  the  iniUKtliato  death  of  the  animal,  an<l  found  that  in 
all  cases  this  o|K'rntion  was  tbllnwetl  by  the  appearance  of  suu;ar  in  th<*  urine 
in  considerable  quantities.  Further  observations  of  their  own  and  other  e.xperi- 
nienters  -  have  rorrobonitrnl  this  result  and  added  a  number  of  interesting  facts 
to  our  knoAWeilge  of  this  side  of  the  activity  of  the  pancreas.  It  has  l>een 
shdwii  that  when  the  pancreas  is  completely  removed  a  e<indition  of  glycosuria 
inevitably  follows,  even  if  carbohydrate  I'oihI  is  excluded  from  tlie  diet.  More- 
nvt'r,  as  in  thcsiuu'lar  patlutloj;ical  i-ondttion  of  irlyc(Huria  or  diabetes  nu-llitna 
in  man.  there  is  an  increase  in  the  ipiimtiiy  of  urine  (pulyuria)  and  of  iH*ea, 
and  an  abnormal  thirst  and  hnnj^^er.  Acrtvuie  alni  i^  prcwnt  in  the  urine. 
These  symptoms  in  cases  of  complete  cxtIr])alion  nf  the  pancreas  are  followed 
by  emaciation  and  museiilar  weakness,  which  HnaHy  en<l  in  death  in  two  to 
fonr  weeks.  If  the  pancreas  is  ineompletcly  removed,  the  jrlycosuna  may  be 
seriitus,  or  slight  and  transient,  or  absent  altoircthcr,  depending;  upon  the 
amount  of  pancreatic  tissue  left.  Accordin«r  to  the  i;xpennients  of  von 
Mi'hring  and  Minkowski  on  dogs,  a  residue  of  one-fourth  to  tnic-fifth  of  tlie 
jrland  is  suflicient  to  prevent  the  appearance  of  snpirin  the  urine,  although 
a  smaller  fratrrnent  may  suffice  apj>arently  if  its  j)hysiolo|rh'nl  condition  is 
favonible.  Tlie  |HirTion  »>('  pancreas  left  in  the  ImmIv  may  snfHc<' to  prevent 
glycosuria,  partly  or  eornplotely,  even  though  its  4'onn<H*tion  with  (lie  duo- 
demun  is  entirelv  interrupted,  thns  indicating  that  th*'  suppressu)n  of  the 
pancrt*atic  juice  is  not  n*sponsiblc  for  the  glyeosnria.  The  same  fact  is  shown 
more  conclusively  bv  the  following  experiments:  (ilycosuria  after  complete 
removal  of  the  pancreas  from  its  normal  eotmeetions  may  be  prevente<l  par- 

^  Architjnr  rrper.  PuUtoioffie  unti  F'hannnk'tioffif,  1*911,  IM.  xxvi.  S.  371.      See  also  Minkow- 
ulci,  IhitL,  1893,  lid.  xxxi.  S.  H-'i,  for  a  more  coiuplete  account. 

■Sec  H^on :  Diab^U  panerSntitfiui^  Tratttux  dc  PhymotoffU  Univernti  de  Monip^liei;  1898. 
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lially  or  completely  by  j^raftiiiji^  a  ]>ortioii  i>f  tlic  paiicrcns  lIsl-wIutc  in  the 
«b«loniiiml  cavity  or  even  iimler  tlif  skin.  The  diK-ts  of  the  ^laiul  may  be 
eoniplclely  tMH-bMle*I  l>y  ligritiiri'  or  by  injection  of  paratlin  without  ennsing 
a  condition  of  jx-rnianent  <:lyet)suri!i. 

The  condition  of  glycosuria  jjroduced  by  removal  of  the  pancreas  is  de^ig- 
natetl  frequently  as  panereati*-  dialMl<'s  and  offers  many  analogies  to  the  nimilar 
putiiuh>^)eal  eoiiditiijii  in  rimu  known  jw  diabet^'S  mellitU8.  The  catise  of  the 
g^lycosuria  is  obsi-nre.  It  hivs  been  bIiowu  tiiai  in  severe  cascB  sugar  appears 
in  the  unne  even  when  the  animal  is  deprived  of  food,  ulthou^di  the  tpiantity 
is  in<'re;i.HfHl  by  feediiii;  antl  espeeially  by  earl>ohydrate  footl.  F^xamination 
of  the  bloo<l  ^h(»\v.s  that  the  ]K-tvt'iitage  (d'  Migar  in  it  is  itu-rease*!  above  the 
normal,  from  IM*)  ptr  cent,  to  0.3  or  0,5  per  cent.  In  the  liver,  on  the  con- 
trary, the  >up]ily  tii"  glycogen  dis:ip|»ears.  Carbohydrate  f >ods  when  f-d  rause 
no  dejmsitiou  of  ^lyeo^cn  in  tlii'  liver,  and  apparentiv  fseaj>e  eonMiinipti4>n  in 
the  body,  being  eliminutiHJ  in  tin-  uriin'.  It  is  slid,  however,  that  one  form 
of  sugar,  levulose,  4iffers  an  exec]>ti<'i»  to  this  general  rule,  since  it  causes  a 
f(»nnation  of  liver  glycogen  and  sietniugly  is  con<nTn*Hl   in  the  bofly. 

We  may  believe  from  these  ex[H'riments  that  tin-  jtaucrens  priwhices  a 
ftubstanee  of  some  kind  that  is  given  off  to  the  IjIiwmI  or  lymph,  and  is 
eillier  necessary  for  tfir  normal  eorijiuinption  fd'  sugar  in  the  body,  or  else,  as 
is  held  by  some,*  normally  resti'aiiis  tin-  output  of  sugiir  from  the  liver  and 
other  sugar-producing  tissues  of  the  IkhK-.  What  this  material  is  ami  how  it 
acts  has  not  yet  been  deterndned  satisfactorily.  The  most  phuisible  theory 
tttggeste<l  is  that  tin-  internal  H'<Tetinii  |>rodiK'ed  fontaiu.-?  a  speeial  enzyme, 
glycolytic  enjiyme  (Lupine),  whose  prcj^encc  in  the  bhiod  is  necessary  for  the 
consumption  of  the  sugar.  Snrli  an  enscynie  may  be  obtained  from  blood 
(p.  ^54),  but  it  is  not  proved  whelln'r  it  is  a  normal  eonstituent  or  whether  it 
it*  prodiuHil  after  the  blootl  is  shecl  by  the  disintegration  of  some  of  it<  cor- 
]»usfidar  rlrments.  This  theorv  therefore  cannot  be  eonsidered  as  mon*  than 
a  possibility.  It  is  interesting  and  stig^fcstivc  to  state  in  this  connection  that 
fMwit-mortem  examination  in  eases  of  diabetes  mellitUB  in  the  human  being  has 
shown  that  this  iliscasi*  is  associate*!  in  some  instances  with  obvious  alterations 
in  the  struettire  of  the  pancreas. 

The  Thyroid  Body. — The  thyroids  are  glandular  stniclure«  found  id 
all  the  vertebrates.  In  tl»e  mammalia  they  lie  on  either  side  of  the  trachea 
at  its  junction  with  the  larynx.  In  man  they  are  nnite<l  across  the  fn>nt  of 
the  tniciiea  by  a  narrow  band  or  isthmus,  uiid  iieiiee  are  sfjuietimcs  s|>okcn 
of  a»  one  stnicture,  the  thyroid  body.  In  some  of  the  lower  mammals 
(t,  g,  dog)  the  ihibmus  is  oHen  absent.  The  thyn»ids  in  man  are  small 
bodies  measuring  alxiut  50  millimeter?  in  length  by  ^{0  millimeters  in  wiiltli ; 
they  have  a  distinct  glandular  structure  but  possess  no  docta.  Histological 
examination  show*  that  they  are  c«om[>o.se*]  of  a  numl>er  of  closed  vesicles  vary- 
ing in  size.  Each  vesicle  is  linetl  by  a  single  layer  of  cuboidal  epithelium, 
while  its  interior  is  filled  by  a  homogeneous  glairy  liquid,  the  colloid  sul>»tance 
*  See  Kaufiiiann  :  Archire*  Hf  Ph^idotfie  narmnte  ri  paUtologique^  ]89o,  p.  210. 
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wliirlj  i.s  found  alsr>  in  the  tissue  between  the  vesicles  lying  iu  the  lyntph- 
spacfis.  This  colloid  substance  is  regnrtlod  as  a  secTodnn  from  the  epithelinl 
cells  of  the  vesicles,  and  BioiKli,'  Lan.ij<Mnlrtrflr,"  and  Jliirlhle-^  claim  tt»  have 
followed  the  development  of  tlie  Hccrction  In  tlio  fpUlieliiil  fx'lls  bv  niiciv- 
chemical  reactions.  While  the  interpretation  of  the  iiiicroscopiwil  a]>|>eai*ance9 
givfii  by  these  nuthois  i:s  not  the  snnic,  they  nt^rcH?  in  l)elic*vinj;  that  the  colloid 
material  is  formed  within  some  or  all  of  the  epithelial  cells,  and  is  eliminated 
into  the  lumen  with  or  without  a  disinteirralii>n  of  the  cvU-sitlwtauce.  More- 
over, Lfxno;end<)rff'  and  Hinndi  Iwlicve  that  tlic  culluid  m{itcri;il  is  finally  dis- 
charj^ed  into  the  lymphnti^-s  by  the  ruptuiv  of  tla^  vesicles.  The  composition 
of  tiie  colloid  is  incompletely  Icjuiwn. 

ParathiffoUh. — The  imrathyroid;*  are  small  bodies,  two  on  each  side,  lying 
lat^TJil  or  |)osterior  to  iUv  thyroids.  One  of  thcni  may  be  enrlusfd  within 
the  Hubstunce  of  the  thyrfiid.and  is  then  known  as  the  internal  [uirathyroi*!, 
the  other  beijig  the  external  |)anithyioid.  They  are  quite  uidike  the  thyroids 
in  striu'ture,  4'onsistinf;  of  s(tliil  masses  or  coluniiis  of  cpitln'lial-like  rells  which 
arc  mit  nrrani;;ed  li»  fiprm  a<'iiii»iis  vesicles,  Arcurding  to  S-haper,*  these  brxlies 
are  not  always  paired,  hiil  may  have  a  multiple  origin  extending  along  the 
common  carotid  in  the  neighboriiond  of  the  thynnds. 

Accrxsori^  T/n/rutiin. — In  addition  to  the  paralliymid.s,  a  variable  number 
of  accessory  thyroids  have  been  described  by  different  observers,  occurring  in 
the  neck  or  even  as  far  di>wn  as  the  heart.  These  UmHcs  possess  the  structure 
of  the  thvriM'd,  and  presnnmldy  have  the  same  function.  After  removal  of 
the  thynjids  they  may  sullice  to  prevent  a  fatal  result. 

FunHioiis  of  the  Thtfroids  and  Pavaihyvokh, — Very  groat  interest  has 
been  excited  within  r<'ccnt  years  with  ivgard  to  the  functions  of  tlie  thyroids. 
In  185f)  Schitf  showed  that  in  doj^s  c<nnplctc  e:\tirpatit)n  4»f  ihc  tuo  thvn>ids 
is  toUowed  by  the  death  of  the  animal ;  and  witiun  tlie  last  few  ycai's  similar 
results  have  been  obtaini'd  by  nunnTous  observers.  iV-aih  is  prcce<ied  by  a 
number  of  characteristic  symptoms,  sneh  as  muscular  tremors,  which  may 
pass  into  spiisms  and  convulsions,  cachexia,  enunMation,  an<l  a  more  or  less 
marked  condition  of  apathy.  The  muscular  phenomena  seem  to  prtvcccd 
from  the  central  nervous  system,  since  section  (»f  the  motor  nerves  protects 
the  muscles  from  the  irritation.  The  metabolic  changes  mav  also  be  due 
primarily  to  an  alteration  in  the  condition  of  the  cord  and  bniin.  Similar 
results  have  been  obtained  in  cats.  Among  the  herbivorous  animals  it 
was  at  first  stated  that  removal  of  the  tbyroitis  does  not  f-ausc  death  ;  but 
so  far  as  the  rabbit  is  conoorneil  Gley*  Jias  shown  that  if  care  be  taken  to 
remove  the  jxirathyn>ids  als(\  death  is  as  certain  ami  rapid  as  in  the  »^ise 
of  the  earnivora;  a  similar  n-sult  has  been  obtained  upon  rats  by  Chris- 
tiani.     Cascj?  have  been   n  ported   iu  which  dogs  recovered  after  complete 

'  Berihta-  ktiuittcfir  ITochrnnehrift.  1SS8.  '  Artthir  fur  Phyniologie,  1889,  Suppl.  Bd. 

*  Pfliiffrr'g  Arrhirftir  tlie  f/tmrnmle  PAy«V»%i*ft  1894.  M.  Ivi.  S.  1. 

*  Ardtir  fUr  mikrtmknpurhi  AmUomit,  1895,  IW.  xlvi.  S.  oOO. 

*  Arthmt  de  Phtftiolofpr  ttonruile  el  pathoh^igue,  1892.  p.  136. 
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lower  annnais.  ami  ^ive  nso  to  a  series  ot  syni|itonis  rf'seinblinp  tJjoso  t»t 
myxcfnh'ina  in  man.  Anion^  these  symptoms  may  be  mentioned  a  pronounced 
aniemia,  diminution  of  musenhir  strength,  failure  of  the  mental  powers,  abnor- 
mal drvness  of  ilie  skin,  loss  of  haiis,  and  a  pet'idiar  swelling:  of  the  stib<'U- 
tnm'ous  e<mneehve  tissue.  Physiologisu  have  nhown  that  in  the  ease  of  dog:8 
the  fatal  results  foljowinj;  thyrnideelomy  may  be  mitigtitetl  or  entindy  obviated 
bv  jjpaftintj  a  portion  of  {\\v  ^huul  under  the  skin  or  in  the  peritoni'al  iMivity. 
If  the  piece  ^raf\ed  is  suJheirutly  hirjr'v  the  animal  recovers  ap|xirently  eom- 
plel4'ly  fn)m  the  0|>eraliiJii,  So  al^o  in  reuiovinjr  the  thyroids,  if  a  snuill 
portion  of  the  gland,  i»r  the  [Kimthyroids,  be  left  nndistiirhcd  tlie  fatjd  sym|»- 
toms  rlo  not  develop.  In  Inmuin  beirigs  suffering  from  luyxtedcnin  as  the 
n-sult  of  loss  <»f  function  of  the  IJiyroitls  it  has  Iwcn  abundantly  >]k>^ui  that 
injection  of  thyroid  extraets,  or  feeding  the  fresh  gland,  restores  the  indi- 
vidual (o  an  !ippro.\iniateIy  normal  eoudition.  In  llie  earlier  experiments  tin 
tbyn^adeetomy  n(»  distinction  \\\xs  made  Iwtwccn  the  effect:?  of  removal  t»f  the 
thyroids  and  (Ktratliyrolds,  although,  as  sai<l  ultovo,  it  was  noticed  that  in 
some  aninuil-i  a  tlital  ri'suU  failed  to  fidlow  the  o|M'mtion  ntdess  ear**  was 
taken  to  extirjKUe  the  [Kinidiyroids  as  well  us  the  thyroiils.  It  was  supjMtscd 
by  sf>nie  that  the  paratliyroids  rcprescntt'd  an  immature  f>r  emhryonie  form 
of  thyroid  tissue,  and  (hat  after  the  rtMiioval  of  the  thyroids  the  panithymids 
t<Mik  on  their  function  and  assmncd  a  thvroid  strnetun*.  Histological  evi- 
dence .seemed  to  favor  this  view,  hut  the  late.-^t  physiologicid  exiH-rinuMits,  <m 
the  contrary,  have  iiidicate^l  that  the  jKirathyroids  are  not  to  be  regardeil  as 
immature  >»trnctnr(»H,  but  as  ImmIics  po^s4'ssing  a  definite  functional  vsdue,  dis- 
tinct fntm,  but  not  le.sw  ini|H>rtaiil  than,  that  of  tiie  thyroids  themselves, 
Moiissoii,'  whose  work  has  Ijeen  <*onfirme<l  in  piirt  by  others,*  makes  die  fol- 
lowing distinction  in  regartl  to  the  effW't  of  extirpation  of  these  iMnlies, 
Removal  of  the  thynnds  and  aeeess*)ry  thynu*ls  is  followf^I  hv  a  slowly 
developing  gt^neral  trophic  disturbance,  a  progn-s-slve  (raehexia  that  pnxlnees 
a  condition  res^'inhling  myx«edema.  In  young  animals  the  et!eet  is  more 
marked  and  muses  a  condition  of  cretinism.  The  aninmls,  therefore,  may 
survive  complete  thyroidectomy,  for  long  jwriods  at  least.  Kemoval  of  all 
the  parath\-roids,  on  the  conlniry,  is  followed  by  aente  disturbances  and  rapid 
death,  the  syniptoms  being  the  same  as  those  formerly  described  as  resulting 
fr»im  <H>m|tlete  thvn»ideetomv.  It  would  M'cm  from  these  irsults  that  both 
the  thynmlft  and  the  ]Minilhyroid8  play  an  important  jwirt  in  the  gi»neral 
metabolism  of  the  body, 

'  /*mrr^ttm/M  of  Fonrtk  fntrrria/iOHit/  Ifiyiiiotitffirtif  Conffrnm^  Caiiibridf^,  1698> 
'GIry :  Atrkir  far  die  gfaammte  Phytwlogif,  1807,  IWI.  \x\'l  S.  303.  . 
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Two  views  prevail  as  to  the  general  niiture  of  their  funetitm.'  According 
to  some,  the  offire  of  tlies-e  htxlies  is  to  ri'iiioA'e  Mtiiie  toxic  j?uhslaiu*e  or  siih- 
stanecH  which  normally  lU-ciuiHiljito  in  the  blowl  iw  the  result  of  tlie  ImmIv- 
metnboJiHm.  Jf  the  thyn^icls  or  pirathyroids  are  extirpated,  the  correHpond- 
iiig'  siihstjiiu'c  then  incna.'^ctj  in  (niaiitity  and  ]>rodiiee?<  the  observed  M'ni]»tonis 
by  a  process  of  auto-intoxieatioii.  Jn  support  of  lliis  view  then*  are  nnnierunH 
observations  to  show  that  tlie  blood,  (»r  urine,  ur  niusele-jni<'G  of  thvmid- 
ectonii/iMl  aninmls  has  a  toxie  efleet  npon  soinid  animals.  Thew*  latter 
results,  however,  do  not  appear  to  be  niurktd  or  invariable,  and  in  the  liantk 
of  s<»ni«  ex|H'rinienti'rs  have  failed  altogether.  The  sinnid  view  is  that  the 
thyroids  and  pirathyroids  &ecrt*te  cueh  a  materiiil,  a  true  internal  secretion, 
which  after  j^L'ttiii^^  iiiti»  tin?  blooil  plays  an  iiiiportaiiL  and  indeed  essential 
part  in  ttie  metabolic  t-hanges  ol'  twinu-  (►rail  of  the  nrgmis  of  the  ImhIv,  but 
especially  the  central  nervous  system.  In  i^npport  of  this  view  wc  have 
such  fa<^ts  as  these:  Tuj'ctions  \\{  properly  prcpitred  tliyroirl  extracts  have 
a  beuelicial  ami  not  an  injurious  inlba-uce ;  tlit-re  is  niierosrMipic  evidence  lo 
show  tliat  the  epithelial  cells  partlci|mte  actively  in  the  fr>rmation  of  the 
colloid  8<*<'n'tion,  ami  that  this  secretion  eveiitnally  readies  the  blood  by  way 
<d'  the  lytupli-vesscls  ;  tiie  lM.*nelicial  material  in  the  thyroid  extracts  may  be 
obtained  from  the  pland  by  methods  whieli  prove  that  it  is  a  distinct  and 
stalde  snhstan<"i'  fonncd  in  the  gland,  as  we  niitrbt  suppose  would  1)0  the  case 
if  it  formeil  part  of  a  driinite  seeretirni.  This  hitter  fact,  indeed,  aiuonnts  to 
a  prnof  that  the  irniH>rtant  function  of  the  thyroids  is  conneeti-d  vitli  a 
material  secreteil  within  its  snbstanee  ;  liut  it  nuiy  still  be  <piestioned,  per- 
haps, whether  this  material  acts  by  anta^ifni/tn»;  toxie  substance.-*  produced 
elsewhere  in  the  body  iir  by  direelly  iutlnenein^;  the  body  metabiiltsui.  For 
a  more  specific  theory  oC  the  functional  value  of  lla*  thyroids  |jro[H)sed  by 
(.\on''  reference  nsnst  be  much'  to  oripnal  sources,  Mueli  work  has  been 
done  to  is<ilate  the  lieneficial  material  of  (lie  thyniid,  partitnilarly  in  relation 
to  the  thi-rapeulic  use  of  the  gland  In  myxanh^nni  and  f^oitre.  The  mere  fact 
that  ft^din^  thi?  ^land  acts  as  well  as  injeetinir  it>  extra<ts  shows  the  resistant 
nature  of  the  Hnl>stanei\  since  it  is  evidently  noi  injured  by  the  digestive 
secretiouB.  It  has  been  shown  also  by  Uauinann^  that  the  gland  material 
mav  be  boili'd  for  a  hmtj  period  with  10  per  cent,  sulphuric  acid  without 
destroviuiT  the  beneficial  sut>stauee.  This  observer  has  su<*cecded  in  isr^lating 
frotn  lh(?  gland  a  substunee  to  whieh  tlie  name  io<liithynu  is  given,  which  is 
clmracterissed  by  containing  a  relatively  large  percent4ige  (9.3  per  cent,  of  the 
drv  weight)  of  iiHline,  and  whleh  preserves  in  Iai>re  measure  the  beneficial 
intluene*'  of  thvrrud  extracts  in  cases  of  myxonlema  and  pareuehyuiatons 
goitre.  In  the  piinUhyrold  tissue  the  same  material  is  contained  in  nlativcly 
larger  quantities.     This  notable  discovery  shows  that  thyroid   tissue  has  llie 

*  See  Sclinefer:  "  AiMrcw  on  Physiology,"  anniiul  meeting  of  iho  British  MciUcnl  Aswicin- 
tion,  Ijondon,  July-Aiii^tist,  !?*'.•'». 

'  Arch\vt9  de  VhynodwjU.  1898,  p.  RIS. 

■  Ze.ittchrift  jUr  )ihygioi(>^i*che  CAmuV.  1890,  ltd.  xxi.  S.  31fl. 
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power  iif  forming  a  specifio  oi^nio  roniponnil  of  iodine,  an*!  it  is  |)068tblc 
tliut  its  iiinueiK-L'  ii{Kin  lMMly-ni(-tal>oii?iin  may  he  nmneeted  \\\i\\  tliis  fMel. 
Baniiiann  and  Hooh  '  state  tliat  tlie  iiHlothyriii  is  contaiued  \\itliiii  tlie  gluntl 
mainly  in  a  st4ite  of  eoiuUlnation  with  proteid  Ixxlies,  from  wliieh  it  may  Imj 
iiepanitrd  l>v  dip*stit>n  with  irristrie  juier  nr  h\-  lM)ilinj;^  with  aeids.  Most  of 
tlie  bulwtanee  is  ci'iiihini'd  with  an  jiUniniinotis  jtroteid,  while  a  snmlliT  part 
is  united  with  a  glohtilin-like  proteid.  There  can  be  little  doiil)t  that 
the  authors  luive  sui^ci-eded  in  isoiatitijj;  at  h-ast  one  of  the  njilly  ('tf*Ttive 
Mibstauees  of  thyroid  extmets.  If  tlie  distinetion  nia4!e  between  the  functicms 
of  liie  thyr»i<ls  and  iwiratiiyroidci  proves  to  be  correct,  and  if  each  of  these 
;jl:inds  exercises  its  (unctions  by  means  of  an  inti'rnnl  secretion,  we  may  ho|>e 
tliat  futun*  work  will  he  abh'  U\  i^ohite  tin-  distinctive  substance  or  suJ>- 
sljiuc«»s  characteristic  of  each  (jhiml. 

Adrenal  Bodies. — The  adrenal  bodies— or,  as  they  are  frequently  called 
in  human  aiiutotny,  tl»e  suprarenal  capsules — bcioniy  to  the  group  of  ductless 
>jlands.  Their  histology  as  wfll  as  tlifir  physiohigy  is  iiiC(HU[>letcly  known. 
It  was  shown  Hrst  by  Brown-S^qtninl  (1856)  that  removal  of  these  bodies  is 
followed  rapidly  by  death.  This  result  has  been  confirmed  by  many  ex|X'ri- 
monters,  and  so  fur  ns  tiie  observations  go  the  effect  of  cfmiplete  removal  13 
the  same  in  all  animals.  The  fatal  effect  is  more  rapid  than  iu  the  case  of 
removal  of  the  thyroids,  death  fi'lhiwint;  the  o|M'ration  usually  in  two  to  three 
day.-^,  or,  arcoiilin*;  to  some  accimnts^  within  a  few  hours.  The  svniptnnis 
prci'cdinjj;  death  an*  grt*at  prostratiiai^  muscular  wcnkne.s.s,  an<l  marked  dimi- 
nution iu  vascular  t<me.  These  symptoms  are  sai<l  to  resemble  those  occurring 
in  Addison's  disease  in  man,  a  disease  which  clinical  evidence  has  sliown  to  Ix? 
aASM'iateil  with  pathological  lesions  in  the  snpnirenal  capsides.  It  has  l>een 
exjiecteil,  therefore,  that  the  results  obtained  for  thyroid  treatment  of  myx- 
cedema  might  he  rejjeatetl  in  cases  of  Addison's  ilisease  by  the  use  of  adrenal 
extracts.  These  exj>ectation8  seem  to  have  Lkvu  realized  iu  pai't,  but  complete 
and  satisfact4)ry  reports  are  yet  lacking.  The  physiolog)'  of  the  adrenals  has 
usually  been  explalne<l  n|Mm  theauti>-intoxi«'att»jn  tlieorv.  Thedeath  thatrtnins 
after  their  ri-moval  has  been  ac<'Hunted  for  m|k)|i  ihc  sup|N^ition  that  diu'ing 
life  tliey  remove  or  destroy  a  toxic  Bulietancc  pnxluced  elsewhere  iu  the  body, 
|M>s^ibly  in  the  nnis<Mdar  sy>tem.  Oliver"  anil  Shaefer.  and,  al>out  the  s:une 
time,  (.'ybuNki  and  S/ymonowic/.,*  have  given  reasons  for  l»elieving  that  this 
organ  forms  a  |M'i*idiar  substan(*c  that  has  a  vcr%'  detinite  physiological  action 
4*sfK'cially  njKm  the  cireulatory  system.  They  tint!  that  atpieous  extracts  of 
the  meilulhi  of  the  gland  wlu-n  injecte<l  into  the  M<H)d  of  a  living  animal 
have  a  remarkable  iuHuiMiec  n|Hin  the  heart  and  blcNMl-vessels.  If  the  vagi 
are  intact,  the  adrenal  extnicts  eauise  a  ver\*  marketl  slowing  of  the  heart-beat 
^^gelher  with  a  rise  of  bl<MHUpressure.  When  the  inhibiting  fd)res  of  the 
vagus  are  thrown  out  of  action  by  section  or  by  the  use  ttf  atr*>j»in  the  heart- 

*  Zeitsehri/t  fiir  pKynototfuehe  CHemU,  1896.  ltd.  zxL  8.  481. 
*JimrtuU  of  f*htfi>ioiutj%t,  189">,  vnl.  xviii.  }t.  230, 
'Atxhirfur  tUr  yvrntmrntt  Phyniviogir,  ISJMl,  fW.  Ixiv.  S.  tt7. 


272 


AN    AMEIilCAX  TEXT-BOOK   OF  PHYSIOLOOY. 


rate  is  uccclerakfl,  wliile  the  blo*Hl-prt'.sr*im^  i.s  iiKTwiaed  somctinics  Uy  an 
cxtraortlimin^  extent.  Tliesf  fact-s  ari*  olttaiiud  witli  verv  small  dost»s  nl*  the 
cxtrai'ts.  SrliiR'fiT  .states  that  as  little  as  5^  iiiilli^nims  of  i\w  iln^nl  glam) 
niuv  pmdiiee  a  maximal  effect  tipttn  a  <h»g  weighing  10  kilofrrams.  The 
effects  prmhieed  by  sueh  extniet.s  are  quite  teinpL>nirv  in  elianu'ter.  In  the 
cotirse  of  a  few  juiniitos  tlie  blood-pressure  returns  to  normal,  as  also  the 
heart-lH'at.showinir  (hat  tlic  snhrttanee  has  hecii  dcKtrovcfl  in  .Home  wav  in  the 
body,  although  where  or  li()w  this  destruetiou  owmrs  is  not  known.  AeeonJ- 
iiii;  U\  Seliaefrr.  the  kidneys  and  the  adrenal.s  tlieiusrlves  are  not  res|>onhihle 
for  tliis  pn>ti»]it  elitniiiatiou  or  destruetiini  of  tlie  injiirioiis  .^iihstanee.  The 
constrietieni  of  tfie  hliMid-vessels  seems  (o  be  due  1o  a  direct  efttrt  on  the 
muscles  in  the  walls  (»f  the  vessels,  in  [wirt  at  least,  sim-e  it  is  present  ai'ter  do- 
fttruetion  of  the  vaso-uiotnr  centre  and  rni»st  vt\\  indet^i,  all  of  the  spinal  cord. 
Several  observers'  have  shown  satisfaeturily  tliat  the  material  prmlueiug  this 
effect  is  present,  in  jK'n^eptible  qunntities  in  the  h!tK)d  of  the  adrenal  vein,  so 
that  there  ean  be  but  little  tloubt  that  it  is  a  tlistitK't  internal  secretion  of  the 
adrenal.  Dreyer  has  shown,  moreover,  that  the  amount  L»f  this  substance  in 
the  adrenal  bIo4Kl  ia  increase*!,  jmlging  from  the  physiologii-jd  eff'ecte  of 
its  injeetiiju,  by  stimulation  (>f  tlie  splanehiiii-  nerve.  Siuee  this  residt  was 
obtained  indi-pciHlnitly  of  tlie  amount  of  blood-fluw  through  the  ^jhind, 
Dreyer  makes  the  justiiiable  assumption  that  the  adrenals  jK>s.sfs.«i  si;eretory 
nerve  Hbres.  Abel-  has  succeeded  in  ist>!ating  the  substaucr  that  product* 
the  effect  on  id4KMl-pressurt_'  atid  ln'art-rate,  and  pro]Hj?;es  (or  it  the  name 
epinephrlii.  He  assigns  to  it  the  formula  Ci^HuNO,,  and  describes  it  as  a 
preiilinr  unstable  basic  body.  Salts  of  epinc^jihrin  were  obtained  which  when 
injected  into  the  circnlatinn  eauscil  tlie  typical  rtU'<*ts  pHxlnced  by  injection 
of  extracts  of  the  gland.  It  is  possible  that  the  substance  in  question  may 
be  continually  secreted  unch-r  noruud  eouditic*ii.s  by  the  adrenal  bodies  and 
play  a  very  important  part  with  referenee  to  the  fuuetional  activity  of  tiie 
muscular  tissues. 

Pituitary  Body. — This  bwly  is  usually  described  as  consisting  of  two 
parts,  a  hirge  anterior  lobe  of  distinct  glandular  structure,  and  a  unndi  smaller 
posterior  lolio,  wh<ts<'  structure  is  not  cK*arlv  known,  alth(»ugh  it  crmtainR 
nerve-cells  and  also  apjiarently  some  glandular  <!ellrt.  Eud>ryol<»gical!y  the 
two  lolv'sare  entirely  ilistinct.  The  anterior  lohr.  which  it  is  pn-frrable  to  call 
the  hypophysis  cerebri,  arises  from  the  epithelium  t»f  the  m(Mith,  while  the 
postericM"  lobe,  or  the  itd'nn<libular  bitdy,  develops  as  an  outgrowth  from  tlie 
itifnndibnlnm  of  the  brain,  and  in  the  adult  remains  conn«Hrted  witli  this 
{K)rli<)ii  of  tlu'  bniin  by  a  huig  stalk.  IlowelP  anti  others  have  shown  that 
extract^*!  of  the  hvpophysis  when  injected  intravenously  have  lilth*  or  no 
physiological  effect,  while  extRict«  of  the  infimdibular  body,  on  the  contrary, 


*  American  Journnl  of*  Phj/sioiiMty,  1890.  v<»I.  ii.  p.  203. 

*  ZeitM-Jtri/l  fur  phygiologitche  Cbrmif,  1809,  IW.  xxTiii.  S.  318. 

*Joum<d  of  Ejptrimentai  Mfdieine^  189B,  toI.  lii-  p.  245;  aloo  Scliaefer  and  Vincent; 
of  Pli*/»ioloffy,  18W,  vo!.  iiv.  p.  87. 
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oaiwr  a  inarktKl  rise  of  blcnxl-pressure  and  slowing  of  the  heart-lieut.  Tlu-se 
effects  resemble  in  general  those  obtaineil  from  nWrenal  extracts,  but  differ  in 
siinie  drtails.  Thev  seem  to  warnuit  the  roncliision  that  the  infimdibiihir 
IkkIv  is  not  a  mere  nidinunitarv  i>rpui»  as  ha.s  In-en  generally  iii<Minied,  but 
imtdtioes  a  |>eeuliar  ^ubfttamre,  an  internal  secretion,  that  may  have  a  dii^tinct 
jihysiolo^ieid  vahio,  A  miinlvtT  of  observers,  rs(>eeiaily  ViiHsaie  an<l  Smrhi, 
liave  sueeeetle<l  in  removing  tlie  entire  |iituitary  body.  Tliey  repctrt  that  the 
opvrati<m  results  eventually  in  the  death  of  the  animal  with  a  certain  j;rf»up 
of  symptoms,  such  a?4  muscular  tn-mors  and  s|iasnis,  apatliy  and  dyspurea,  that 
H'semhle  th<*  results  n\'  t}ivn>ideetomy.  Il  lias  hern  sujjjjested  therefore  that 
the  pituitary  Imdy  uiay  be  related  in  Cuiietion  t<>  the  thyroiils  and  may  be 
able  to  assume  vic^iriouirly  the  functions  of  the  latter  arter  thyniid<H'ii»my. 
There  is  no  satisfactory  evidence,  however,  in  sup]>ort  of  this  view.  0\\  the 
pathologiejd  si<le  it  has  ln'cn  shivwn  that  usually  Irsions  of  the  pituitar}*  ImmIv, 
particularly  of  the  hy]>opbysi8,  are  ass»>ciat<Ml  with  u  peculiar  diHetw*c  known 
as  acromepdy,  the  most  primunmt  symplf>ui  i^f  which  in  a  njarke*!  hyjK^r- 
trophy  of  the  l>onrs  of  the  extremities  an<l  of  the  face.  The  <*onclusion  sume- 
timcH  drawn  from  this  fact  that  aerrunepily  is  eansiKl  by  a  disturlmncn;  of  the 
functions  of  tlie  pituitary  body  is,  however,  very  uncertain,  and  ib  not  hup- 
porttnl  by  any  doHuiti-  rlinieal  or  exjM'rinientyl  fiicts. 

Testis  and  Ovary. — Sonu*  of  the  earliest  work  up<:m  the  efftn^t  of  the 
internal  .mvretious  of  the  glands  was  done  nj>oii  the  nproductive  ^laudn, 
es(H'cially  the  testis,  by  Broun-Sf<|uanl.*  Aceordinjr  tu  tliis  iibservcr.  extracts 
of  the  fresh  testis  wIumi  iiiJ4'<'ted  utid<T  the  skin  or  into  tlie  blcMnl  nuiy  luive  a 
remarkable  influence  ujxin  tJic  nervous  system.  The  ^Micral  mental  and 
phvsicat  vijj^r.  and  especially  the  aetivily  of  the  spinal  centres,  aiv  »rreutly 
improve<],  not  only  in  cases  of  penend  pro>tPation  and  neunisthenia.  but  also 
in  the  case  of  the  aged.  Brown-S6quard  maintaimxl  that  this  ^neral  dynanio- 
g!*nic  effect  is  due  to  some  uidiunwn  substance  formtvl  in  the  testis  and  >-ub- 
WMpiently  paKse<l  into  the  bh>iKl,  altliou^h  he  a<lmitted  that  some  of  the  same 
substance  may  be  found  in  the  external  secretion  of  the  testis — i.  <•.,  the 
spTmatie  litpud.  More  re<'ently  Poehl '  asserts  that  he  has  preparetl  a  sub- 
stance, sp<'rmin.  to  which  he  ^ives  the  fornuda  C^IIuNn,  which  has  a  ver\' 
benefurial  effect  ujmhi  the  luetalxtlism  of  tlie  body.  He  believes  that  this 
sj>ermin  is  the  substance  that  gives  to  the  tosticular  extracts  prejtared  by 
Bntwn-8/'(pinnl  their  stimulniiu;:  eflVvt.  He  claims  for  this  substance  an 
extraonlinary  action  as  a  physioloirical  ttmic.  The  pn.H-ise  scientitic  value 
of  the  results  of  dsrperiments  with  the  testicular  extracts  (*annot  he  estimate<l 
nt  pn*sent,  in  spite  of  the  lar;re  litemture  upon  the  subject  ;  we  nuist  wait 
f«tr  mon*  detailed  and  exiut  experinieuls,  ^^llieh  doubtl*'s8  will  s<Km  be  made. 
Zoth  *  and  also  Pregel  *  seem  to  have  obtained  exact  objective  proof,  by  means 

'^reftms  tU  Phi/noloifie  mtmalr  ft  ftatMologiyur,  1889-92. 
* ZeitMhrifi Jur  Uiui^hti  MfHinin,  1894.  Btl.  zxvi.  S.  i:i3. 

*  Pjtu*fer^»  Arehirj'Ur  Jit  ymmmtt  Phyii(^yi€,  189(1,  iki.  Isiu  &  335;  alK>  1897.   Bd.  Ixix. 
a  S86.  *  Ihid.,  a  379. 
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of  ergc)gra|ihit:  records,  of  the  stiraulating  action  of  the  testiciihir  extracts 
upon  the  iienro-musoular  apparatus  in  man,  Thev  find  tliat  injections  of  the 
testienlar  I'xtrncts  cans*'  not  only  a  diminution  in  the  nuiHrnlar  ami  nervous 
fali^^ue  rei^uhing  iVujn  iniiHt^'iiIar  work,  hut  iiUo  lesf^en  the  suhjetttive  i'utigue 
sensations.  The  (act  that  the  internal  secretion  of  the  testis,  if  it  exists  at 
all.  is  not  ahsoliitcly  f'ssential  to  the  life  <if  the  IkhIv  as  a  wliole,  as  in  the 
case  of  tlve  thyroids,  a<lrenals,  and  pancreas,  naturally  makes  the  satisfactory 
deterntiuation  of  its  existence  and  action  a  more  difficult  task. 

Similar  ideas  in  jreneral  prevail  as  t(»  the  ]wssihihty  of  the  ovaries  funiish- 
inp;  an  internal  secretion  that  plays  an  imjwrtant  part  in  gcncnd  nutrition. 
In  jrynecologteal  pnietice  It  has  been  observed  that  complete  ovariotomy 
with  its  residting  premature  menopause  is  often  folloAved  by  distressing 
symptoms,  mental  and  physical.  In  such  cases  many  observers  have  rcpt^rted 
that  these  syinptonis  may  be  alleviated  by  the  use  of  ovarian  extnicts.  So 
alsii  in  the  natund,  as  well  as  in  the  premature  menoimuse  following  opera- 
tions, it  is  a  freqm-nt*  though  nr?t  invariable,  result  for  the  individual  to  gain 
noticeably  in  weight.  The  jjrubability  of  an  eifeet  of  the  ovaries  on  getu'ral 
nutrition  is  indicated  also  by  the  interesting  fact  that  in  cases  of  osteomalacia, 
a  <Iiseasc  characterized  by  -^oftrniog  nfthe  bones,  removal  of  the  ovaries  nmy 
exert  a  very  favorable  intlurnec  npf>n  tlie  course  of  the  disease.  These  indi- 
cations have  found  some  exjM^rimental  verification  recently  in  a  research  by 
I»ewv  and  Ri<'hlt'r'  made  ii[M>n  dogs.  These  observers  found  tliat  eoniplete 
removal  of  the  ovaries,  although  at  first  apparently  witlumt  effect,  resulted 
in  the  course  of  two  to  three  months  in  a  marked  diniimition  in  the  consuTni>- 
tion  of  oxygen  by  the  animal,  mcasurctl  per  kilo,  ol'  boily-wcight.  If  now  the 
animal  in  this  ^'CHiditlou  was  given  ovarian  extracts  {onphorin  tablets)  the 
amount  •>!'  oxyg(?n  eonsnined  was  not  only  brought  to  its  fornu»r  nijrmal,  but 
considenibly  increased  beyond  it.  A  similar  result  was  obtained  when  the 
extracts  wrre  nsrti  upon  castrated  males.  Tlie  inithors  JM-Iieve  that  their 
ex|M'riuu*nts  show  that  the  itvarirs  form  a  spceitic  subi^tanne  whieli  is  capable 
of  increasing  the  oxidation  of  the  body. 

Kidney. — Tiegcrstcdl  and  IVrgman '  state  that  a  substance  mav  be 
extnicted  fruui  the  kidneys  of  rabbits  which  when  injected  into  the  body  of 
a  living  animal  causes  a  rise  of  blood-pressure.  They  get  the  same  effect  from 
the  blood  of  the  rmal  vein.  Thry  conrlude,  therefore,  that  a  substance,  for 
which  ihcy  suggest  the  namp  "remiin,"  is  nurMudly  secreted  by  the  kidney 
into  the  renal  blo^^wl,  ami  tliat  tins  substance  causes  a  vaso-constriction. 

Kirehivflr  Phygiolo^ie,  1899,  Suppl.  Bd.  S.  174. 

'  SkanHinat'ijithrii  Arckiv  Jiir  Phytiotogif,  1898,  Bd.  viii.  8.  223 ;  see  nlflo  Bradfonl :  Prncttdingt 
0/  tht  Royal  Society,  1892. 


V.  CHEMISTRY  OF  DIGESTION  AND  NUTRITION. 


A.    Definition  and  Composition  of  Foods  ;  Nature  of  Enzymes. 


Spkakino  bi-oftdly,  what  we  eat  and  drink  for  tiie  jmrpiise  nf  nnurish- 
iug  the  bully  coiwtitutoH  uur  fiMxl.  A  |X!i'»ou  iu  adidt  lite  who  has  reached 
his  maxinaim  growtli,  aiwl  whose  wtight  rcniaiu^  jtractioally  constant  from 
yt»ar  to  year,  must  eat  and  digest  a  certain  aver-agt*  quantity  of  food  daily  to 
keep  hiniBolf  in  a  (•ondition  of  health  and  to  prevent  logs  of  weight.  In 
such  a  case  we  may  ku'  that  th*.'  foixl  is  utili/xxl  to  repair  the  wastes  of  the  body 
— that  is,  tho  destruction  of  Ixxly-iuatorial  wliich  goes  on  at  all  timeSj  even 
during  &Wp,  l)iit  whicli  is  incrcru^Mi  by  the  physical  and  psychical  activities 
of  the  waking  tiours — and  in  addition  it  aervefi  as  the  stnirce  of  heat,  mechanical 
work,  and  other  forms  of  emTg}""  lilKTiiteil  in  the  Uxly.  In  a  pt^rson  who  is 
growing — one  who  is,  as  we  say,  laying  oi>  flesh  or  increasing  in  statuiv — a 
certain  portion  of  tlie  fo*xl  is  used  to  furnish  the  enei^*  and  to  cover  the  wastes 
of  the  body,  while  a  |mrt  is  coiivtTteil  into  the  new  tissues  formwl  during 
growth.  The  material  that  we  eat  or  drink  as  fiKxl  is  for  the  most  part  in  an 
insoluble  form,  or  has  a  composition  differing  very  widely  from  that  of  the 
ti.ssnt»s  whicli  it  is  intcndr-d  to  form  or  to  repair.  The  objeci  of  the  processes 
of  digt»stion  carried  on  in  the  alimentary  tract  is  U*  change  tliis  fo*Kl  so  that 
it  may  be  absorl>ed  into  the  hloo<l,  an<l  at  the  same  time  so  to  alter  its  com- 
position tliat  it  «m  be  ntilized  by  the  tissues  of  the  bfxly.  Kor  we  shall  tind, 
later  on,  that  certain  ftMHlh — eggs,  for  examph' — wliieli  aiv  ver}'  nutritious 
when  taken  into  the  alimentary  canal  and  digi'^ied  cannot  be  umhI  at  all  by 
the  tissues  if  injecte<l  at  once,  unchangoil,  into  the  blood.  The  f(HKl  of  man- 
kind is  most  varied  in  character.  At  different  tinn-s  of  tlie  year  and  in 
different  jxirts  of  the  world  the  diet  is  ehaiig»*d  to  suit  the  necessities  oi'  the 
environment.  When,  however,  we  come  to  analyze  the  various  aninial  an»l 
vegetable  foods  n»ade  use  of  by  mankind  it  is  ffuind  that  thev  are  all  eom- 
|H>sed  of  iMie  or  moiv  of  five  or  six  different  classes  of  substances  to  which  the 
name  jtHMl-stuffs  or  alimentarA'  principles  has  Iwen  given.  To  ascertain  the 
nutritive  value  of  any  fo«id,  it  must  bo  analyzed  and  the  jK'nNMitage  amounts 
of  the  diff'ennt  tiMMJ-stuff's  eontiiincd  in  it  must  be  determined.  The  cla&ii* 
ffcation  of  food-stntfs  usually  given  is  as  follows: 
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Food-stuffs. 


Wak  r ; 

Iiior^piiiiL-  salts; 

Pnjtei^ls  (or  proteid-containinp;  bodies) ;  • 

Album iiiuid.s  (a  group  of   IxKlie-s   resembliug  proteids,    but 

baviiig  ID  some  respects  a  ditlbivut  nutritive  value); 
Carlioliydrates; 
Fats. 


The*  main  fa^^t.s  \\'\.i\\  ri'^ard  (n  thf  t^pccific  imtrilivr  valiu!  of  each  of  tbcso 
sui)fttanct'.s  will  be  piven  latiT  on,  ultor  the  processjos  of  digot-tion  have  bveii 
descrilxKi.  A  few  genenil  n^marks,  however,  at  this  place  will  sen'e  to  give 
the  prctixT  staml|xiint  from  whu-h  to  begin  tJie  study  of  the  chemistry  of 
digestion  and  nutrition. 

Water  and  6W/>*.— Wattr  and  salts  we  do  act  commonly  consider  as  f(X)ds, 
but  tlte  results  of  seientifie  investigjitioii,  ns  well  as  the  experience  of  life, 
show  that  thi^se  ^snbstanl'es  are  al>s(>iutely  iieeessary  to  the  budy.  The  tissues 
must  nuiiutain  a  i^ertain  conii)ostt{on  tn  water  and  salts  in  order  to  function 
normally,  and,  sint^i?  there  is  a  eontinnid  lo'^•<  of  these  snl^stanees  In  the  various 
excreta,  they  must  eoiitinually  Ik;  n-pJaLtnl  in  .sojiie  way  in  the  fi.*nd.  It  Is  to- 
be  bo]']ie  iti  mind  iu  this  eonuecttou  that  water  and  salts  ccmstitutea  part  of 
all  our  solid  ftKxls,  so  that  tlie  body  gets  a  partial  supply  at  least  of  these 
substmices  in  everytliing  we  eat. 

Proteuh. — The  comptisition  and  diffenmt  chtsses  of  proteids  are  described 
from  a  chemical  staud|K)int  in  the  section  on  The  Clicmistiy  of  the  Body. 
Different  viyriJ^tii^  of  ]>roteids  are  fnuud  in  animal  as  well  us  in  vegetable 
fixKls.  Tlie  chcmieal  eoniposiiiun  in  all  eases,  however,  is  aj>|)roximately  the 
same.  Physiologinnlly,  thev  are  fiupposwl  to  have  equal  nutritive  values  out- 
side of  ditferenw's  in  clit^eshbility,  a  detail  that  will  be  given  later.  The 
essential  use  of  the  proteiJs  to  the  body  is  that  they  supply  the  material  from 
which  the  new  jiroteid  tiasue  is  made  or  the  old  proteid  tissue  is  repaired, 
althonjrh,  a>  we  sljall  (ind  when  we  t»ome  to  discniMS  the  subject  moi-e  tlu>r- 
onN-Jily  (]>.  345)»  proteids  mv  also  extremely  valuable  as  sources  of  enej-gy  lo 
the  body.  Inastuueli  as  the  most  important  constituent  of  living;  nmtter  is  the 
proteid  part  of  its  !noh.TuK%  it  will  be  seen  at  once  that  proteid  fo<xl  is  an 
al^srdute  necessity.  Proteida  contain  nitrofren,  and  they  are  fR^quently  spoken 
of  as  the  nifror/mouj^  fmxls ;  csu'lmliydratt^  an<l  fats,  on  the  contrary,  do  not 
contain  nitrogen.  It  follows  immediately  from  this  far-t  tliat  fats  and  carlw- 
hyd rates  alone  maid  not  suffice  to  make  iu*w  protoplasm.  If  t»ur  diet  con- 
lainetl  no  proteids,  the  tissues  of  the  brwly  won  hi  gradually  waste  away 
and  death  from  starvation  would  result.  All  the  food-stuffs  are  necessary 
in  one  way  or  anftther  to  the  preservation  of  perfeet  health,  but  jvroteids, 
together  with  a  certain  projHirtion  of  water  and  inorganic  salts,  are  absi>lute]y 
uecessary  for  the  bare  maintenance  of  animal  life — that  is,  for  the  formation 
and  preservation  of  living  protoplasm.  M'hatever  else  is  contained  in  our 
fo*)d,  proteid   of  some  kind    must    form    a   jwirt   of  our  diet,     Tlie    use  of 
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the  other  food-stuifs  is,  as  we  shall  see,  more  or  less  aceeasiirv.  Jt  may  be 
worth  wliile  to  reejill  licie  tlie  Ikiiiiliar  \\\rX  ihiit  in  n-sport  to  llic  nutritive 
iiUfKirtance  of  pi-oteids  there  is  a  wide  Uitiercnee  bctweeu  animal  aiul  vejct'liible 
life.  What  is  said  above  applies^  of  couise,  only  to  animalft.  PlantvH  can^ 
aiid  for  the  most  pait  dr>^  hiiild  up  their  living  ]»rntopIa»m  upou  diets  eon- 
taiuing  no  proteid.  Willi  simie  ex(vpti»»iis  that  iifud  not  Ih'  mcntionod  here, 
the  footl-fstuflfi  of  tiie  j;reat  gi'<^nip  of  flil(ir(ipliyll-it>ntaininjr  plants,  outside  of 
oxygeu,  csoiisist  of  water,  CO,,  aud  snlti?,  the  nitrogen  being  found  in  tlie  last- 
mentioneil  constituent. 

Alljuminaidif^ — GclatiUf  sueh  as  is  fuuud  in  sou|jm  or  is  used  iu  the  form  of 
table-gelatin,  is  a  familiar  example  of  the  albuminoids.  They  are  cot  fouod 
to  any  ini|x>rtimt  extent  in  our  mw  f^MwIs,  and  tliey  do  not  therefore  u**ually 
aplM'ar  in  llir  imulyst^  given  ol'llu;  fuui[Ktsition  of  f(XKis.  An  t'Aaniiiiution  of 
the  eompo&iliou  and  properties*  of  these  bodies  (see  section  on  The  Chemistry 
of  the  13<rtiy)  shows  that  thev  n-semble  cli>s*'ly  the  pniteids.  Unlike  the  fats 
and  ttarbohy<lrates,  tl»ey  eonttihi  nitrogen,  and  they  »re  evidtMirly  of  complex 
straeturc.  XeverthelesB,  they  cannot  be  used  in  plaoe  of  proteids  to  build 
protophL-^m.  They  are  important  tmuls  without  doubt,  but  their  vaUie  is  similar 
in  a  general  way  to  that  of  the  non-nitro|^reuons  fi*o<lr*,  fats  aud  carbohydrates, 
rather  than  to  the  so-iaillod  *^  nltrogeiions  t'lMMls/'  the  proteids. 

CXirboliydnikA. — We  include  among  (^rbohydrates  the  stArehes,  sugars, 
gum^,  and  tlie  like  (**ee  Cheniit-al  ,-ection);  they  contain  no  nitrogen.  Their 
phy8iok>gic*ai  value  lies  in  the  liict  that  tiiey  an?  destroyed  in  the  l><xly  and  a 
certain  amount  of  energy  is  thei-eby  lilH'nued.  The  euei"g}'  of  muscular  work 
and  of  the  IkiU  i>f  the  ImmIv  eomeg  largely  fix)m  the  <lestruction  or  oxidation 
<fi  carl)ohydnites.  Inasnmch  as  we  are  continually  giving  otf  energy  from 
the  body,  chiefly  in  the  form  of  muscular  work  and  hcnt,  it  follows  that 
material  for  the  prodmtion  of  this  energy  must  l)e  taken  in  the  food.  Carbo- 
hydrati>  form  iK^haj^s  the  easiest  and  cheapest  source  of  this  euei^y.  They 
COQStitute  t!»e  bulk  of  our  ordinary  diet. 

Fuitt, — In  the  gi^mp  (>f  fats  we  include  not  only  what  is  ordinarily  under- 
stood by  the  terin,  but  idso  the  oiU.  animal  antl  vegetable,  that  fonn  such  a 
common  pjirt  of  our  fi*<_Kl.  Fats  contain  n»j  nitrogen  (isce  Clicmical  scetioi*). 
Their  use  in  the  bmly  is  substantially  the  same  as  that  of  the  cArbohydrate«r 
Weiglit  for  weight,  lliey  arc  more  valuable  than  the  ciirbohydnit4's  as  sources 
of  energy,  but  tin-  latter  are  cheaper,  more  eonijilctely  digtstcd  when  fed  in 
quantity,  and  more  easily  destroyed  in  the  Ixxly.  For  these  reasons  we  find 
that  under  most  ctindititms  fats  are  a  .«ubsidiiiry  article  of  foo*l  as  coin|Kirt'd 
with  the  car(M)hydrates.  Fntm  the  r-tand|H>int  of  the  physiologist,  futy  are 
•f  special  inten»st  iMtrause  the  animal  bo<ly  stores  up  il«  reserve  of  food 
material  mainly  in  that  form.  The  history  of  the  origin  of  the  fats  of  the 
bwly  is  one  of  the  most  interesting  p:irts  of  the  subject  of  nutrition,  and  it 
will  be  discussed  at  .^me  length  in  its  proper  place. 

As  lias  been  wild,  our  onlinary  fo<xls  are  mixtures  of  some  or  all  of  the 
food-stuffs,  tt»getlicr  with  such  things  as  Havorsor  condiments,  whose  nutritive 
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value  is  of  a  special  character.  Careful  analyses  have  beea  made  of  tlie 
differeut  articles  of  food,  mostly  of  thu  niw  th-  uncooked  tbods,  Aa  might 
be  exi)ei*twl»  the  anaIy^^?:^  on  nxi»rd  dirti'r  iimiv  mv  less  in  the  |KToentage8 
assignetl  to  the  various  const itueots^  ijiit  almost  any  of  the  tables,  jmblished 
give  a  just  idea  of  the  fuudamental  nutritive  value  of  the  common  foods. 
For  details  of  scpjirate  nnalyi^cs  pr'fcrent'C  may  bo  niado  to  some  of  the  larger 
works  ujtoD  the  c<.inijx>sition  of  frxxls.'  Tlio  subjoined  tabic  its  one  c<mi])iled 
by  Muuk  from  the  analyses  given  by  Konig ; 


Composition  0/ 

FontU, 

Carbohydrate. 

Pn>teld. 

Fat. 

Dige*UWe. 

CeMutoM. 

76.7 

20.S 

1.5 

0.3 

73.7 

12.6 

12.1 

•    .    . 

36-tiO 

25-33 

7-30 

3-7 

... 

87.7 

3.4 

3.2 

4.8 

... 

8fl.7 

2.0 

3.1 

5.0 

.    .    . 

J  3.3 

10,2 

0.9 

74.8 

0.3 

3o.tf 

7.1 

0.2 

55.5 

0.3 

13.7 

11.5 

2.1 

fi9.7 

in 

42.3 

6.1 

0.4 

49.2 

0.5 

13.1 

7.0 

0.9 

77.4 

0.6 

13.1 

y.9 

4.1; 

fi8.4 

2.5 

10.1 

9.0 

0.3 

79.0 

0.3 

12-16 

2a-26 

13-2 

49-54 

4-7 

7fi.5 

2.0 

0.2 

20.6 

0.7 

87.1 

1.0 

0.2 

9.3 

1.4 

90 

2-3 

0.6 

4-0 

1-2 

73-91 

4-8 

0.5 

3-12 

1-5 

»4 

O..0 

.   .    ■ 

10 

4 

In  100  parts. 


Meat 

Kgiw 

Cheefee 

Cow'a  inilk  .  .  .  . 
Iltinuin  milk  .  .  . 
Wheat  (lour  .  .  . 
Wlieiit  Uread  .  .  . 
Rye  tlour  .  .  .  . 
Kv«  hvitul    .    .    .    . 

Klce      

Corn 

Miicaroni  .  ,  .  . 
Peas,  beana,  lentils 

PolttKWB 

CtllTUtS 

CabboRea  

MtinhnMrnia  .  .  . 
Fruil 


Aah. 


1.3 
1,1 
3-4 
0.7 
02 

as 

1.1 
J. 4 
1.5 
1,0 
1.5 
0.5 
2-3 
1.0 
a9 
1.3 
1.2 


An  cxHTniniitioii  f*f  this  tabic  will  Amww  that  tlie  aniniMl  fiiHwls,  partindarlv 
die  nicats,  ;irc  characLt-rizcd  by  their  small  jxirccutagc  in  uarboliydnitc  an»I  bv 
a  relatively  large  amount  of  proteid  or  of  proteid  and  iat.  "With  regard  to 
the  la.st  two  f(Nxl-stnifK  nicat'?  difter  very  much  timong  l!iein«M.'lve,s.  Son»c 
idea  of  tht;  liniit.s  of  variation  rimy  l>c  obtained  from  the  following  table, 
takeu  chieily  from   Konig's  analyses!: 


Beef,  moderately  fat 
Veul.  fat      .    .  * 
Mutton,  moderately  iat 

pork,  lenii 

Ham,  wilted       . 

Pork  (bttoon).  verv  fat' 

Mackerel »...'.., 


Water. 

Proteid. 

Fat 

7.3.03 
72.31 
75.99 
72.57 
62.58 
10.00 
71.6 

20.96 
18.88 
17.11 
2005 
22.32 
3.00 
18.8 

5.41 
7.41 

5.77 
6.81 
8.68 

80^0 
8.2 

Cartx>tay4nte. 


0.46 

0.07 


Aab. 


1.14 

l.:i3 

1.33 

MO 

6.42 

6.5 

1.4 


The  vegetable  foixis  are  distinguished,  ils  :i  rule,  by  tlicir  large  percentage 
in  carlwhydnitcs  and  the  relatively  small  amounts  of  pn»teids  and  fate^  as  seen, 
for  example,  in  the  composition  of  rice,  corn,  wheat,  and  potatoes.     Neverthe- 

^  Konig.  Dit  Menttchliehm  Nnhrunt/a  und  QentiMmittdy  3d  ed.,  1889 ;  Pftfke'fl  MaiHwd  of  Pta/O' 
iicftl  Ilyjimc,  tfcction  on  F'ofKl, 

*  Atwater:  Tht  Chanititry  of  Foods  and  XtUrilion,  1887. 
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lis*,  it  will  l>e  noticvti  (hn(  \\w  prfi|M>rtioii  of  proteid  in  some  of  tlie  vegetables 
ie  not  at  all  iiiriigruriniiit.  Tlu'v  are  vharacteriztxl  by  tlioir  excess  in  earlMjliy- 
drates  rather  than  bv  u  *ictieii;iuy  in  pnfteids.  Tlie  i-oinposition  oi  jk-iis  and 
other  leguminous  ibotln.  is  remarkable  for  tl»e  lai*ge  ptM'eentagc  of  proteid, 
which  exceeds  that  found  in  nii^ls.  Analyses  sueh  as  are  given  hero  are 
indispeasable  in  dotonnlniii^  tiie  true  luitritive  value  of  foods.  Nevertheless, 
it  inu!^t  1)6  borue  in  niind  tiiat  tin-  ehtMuiitil  riMiip(»sition  of  a  ftx>d  is  not  alone 
Butlicient  to  determine  it*  precise;  value  in  nutrition.  It  is  obviously  true  that 
it  is  not  what  we  ejit,  but  what  we  tli^r'st  ami  alisurb,  timt  is  nutritions  to  the 
body,  ?A)  that,  in  addition  to  deterruiuinji;  ibe  ])r<'[>ortion  of  foocl-^tuffs  in  any 
given  food,  it  is  necessary  to  determine  to  what  extent  the  several  wnstitu- 
ents  are  digestctl.  Tlii-*  factor  can  1h?  *»btaiiieil  only  by  nrtual  ex|)eri- 
ments.  It  may  he  kjuiI  liere,  howrver,  that  in  general  the  pmteids  of  animal 
f«>o<lB  are  more  completely  digesttnl  than  are  lliose  of  vegetables,  and  with 
tlieni,  therefore,  chemieal  analysis  conies  netin^r  to  expres«in)^  din'ctly  the 
nutritive  value. 

The  physioloi^y  of  di}<i*stion  consists  chiefly  in  tlie  study  of  the  elieitiiral 
changes  that  the  food  undergoes  during  its  passage  through  tti<-  alimi-ulary 
umal.  It  hapi^us  that  thes**  ehcuiieal  changes  aii*  of  a  [M^eulJar  ehar.irter. 
The  |H'c*uliiirity  is  du*'  In  tin-  fact  thai  tiic  chaug<*s  of  dig<'slii)n  arc  I'll'ccti'd 
through  the  agency  of  a  gr«>up  t»f  bodies  known  as  ejtzipnes,  or  nnorgauizeil 
fernictits,  whose  t'heniical  action  is  more  ob.scnre  than  that  of  the  onlinarv 
reagents  with  which  we  have  to  ileal.  It  will  sjive  useless  rcjK'litiou  to  give 
here  certiiin  g^iieral  fact**  that  are  known  with  reference  to  these  Ixxlies, 
rcsiTving  for  future  treatment  the  details  of  the  action  of  the  specific  enzymes 
found  in  the  different  digestive  secretions. 

Bnzymes. — F^nzA'mes,  or  unorganized  ferments,  ^^^  (informed  ferments,  is 
the  name  given  to  a  group  of  botlies  pnKlmvd  in  animals  and  plants,  but  not 
themselves  endowiHl  with  the  straeliiri-*  of  living  matter.  The  tertu  uuorgamzcd 
or  Hufonnal  fcmient  was  formerly  iixnI  Iu  ciiipliasize  ihc  distinction  ix*tween 
these   bodies  and    living  fernientff,  such  as  the   yeast-phiut   iw  the   Imeteria. 


"E 


nzvme,"   howevt 


a   better    name,   and    is   coming   into  genenil    a-^. 


Enzymes  are  to  Ik?  regardetl  as  dead  matter,  although  pr*»dun^l  in  living 
protoplasm.  Chemically,  they  are  defined  as  complex  organic  coni[N>uuds  con- 
taining nitrogen.  Their  exact  comiHisition  is  unknown,  as  it  has  not  been 
found  possible  heret<.>fore  to  obtain  them  in  puiv  enough  condition  for  analysis. 
Although  several  elementary  analyses  are  reconled,  they  cannot  he  consideretl 
reliable.  It  is  not  known  whether  or  not  the  enz)'raes  iHiloiig  to  the  group  of 
proteids.  Solutions  of  most  of  the  enzymes  give  some  or  all  of  the  general 
reactions  for  proteids,  but  there  is  always  an  uncertainty  as  to  the  punty  of 
the  solutions.  With  reference  to  the  fibrin  ferment  of  blood,  one  of  the 
enzymes,  observations  have  recently  lxM?n  m.tde  which  seem  to  show  tJiat  it 
bfdongs  to  the  gnuip  of  i-ondiinetl  proteids,  nueleoalbuniins  (for  details  see 
tlie  section  on  Blood).  But  even  should  this  Im?  true,  we  are  not  justified  iu 
making  any  general  application  of  this  fact  to  the  whole  group. 
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Ciuiwijicaiion  of  Enzt/mcs. — Enzymes  are  classified  actfttrding  to  the  kiiul 
of*  i*cartiou  tliey   prodmte — namely ; 

1.  Piotfolyfic  vH:i/iiie.H,  or  those  acting  upon  protciVIs,  convortiug  tlioru  to  a 
84)liilih'  m<M]iHi*ati(>ri,  jji'jttuuc*  or  prott.Htec.  A&^  c\uiii|)le.s  ol'  tliiti  gri»u|»  wo  have 
ill  \\\c  amiwA  l.Mxiy  y><7>*m  of  the  ga.^tric  juioe  and  Iri/psin  o£  llie  |>anci*oatic 
jiiire.  Ill  phuits  a  sitnllar  enzyme  is  found  in  the  jMUcapple  family  (bninieliii) 
and  in  tlie  ]>apaw  (papain). 

2.  Amtflali/tic  enzifmes,  or  thofle  actin);^:  iiixin  the  stnrchefl,  ennvcrtiiig  them 
to  a  sf)hildo  WmUj  .siig:u\  or  sii^r  and  drxdin.  Aa  examples  of  tliis  gi-oiip 
we  have  in  tJie  animal  UkIv  j>fi/(Ulnj  ftaind  in  saliva,  amt/hpAin,  found  in 
panctvalie  jtiice,  and  in  llie  liver  an  enzyme  cajwible  of  converting  glycogen 
to  sngnr.  Iti  iIh-  [ilanlK  the  Ixwt-known  example  is  iliaMtanej  found  in 
germinating^  si^^U.  TUh  partienlar  enj:ymt'  has  Ix-en  known  for  a  long  time 
i'rom  the  u?^  made  of  it  iti  tlie  inaiiufactnrr  ot"  l>crr.  In  fa4t,  tlie  name  **  dias- 
tase" is  frequently  useil  in  a  generic  senw,  '*the  diarttatic  enxymes,"  to  cha- 
nictpri/c  ihc  entire  gmup  of  stairli-ih'stroying  fcriiientf^. 

;i.  Ffit'HpfHting  enztfmtti,  or  th(teie  acting  upon  the  neutral  fats,  breaking 
theiu  up  into  glycerin  and  the  eorivajwudiug  fatty  ncid.  The  liest-known 
example  in  the  animal  btwly  is  ftunid  in  ihc  puncrculie  iH-er^tion  ;  it  is  known 
usually  as  stvapsinf  although  it  has  l)ecn  given  several  names.  Similar 
enzymes  are  known  to  occur  in  a  numl^r  of  seeds. 

4.  Sfifjfar-»p/ifthif/  ruzipncM,  or  those  having  the  property  of  converting  the 
double  into  the  single  ."-ugarH — the  dl-siU'charidejs,  ciueli  as  c<//M'-«w</«r  and 
ftutihtJi(\  into  llie  miino-Hao<'harides,  such  as  ii*'j:troite  aud  fcvuiojte.  Two 
enzymes  of  this  character  are  found  in  the  small  intestine  of  the  animal 
bodv,  one  acting  upon  cane-sugar  an*l  one  on  nudto.m*.  The  one  acting  on 
eane-sug:ir  is  known  as  inverliue  or  invertasc,  while  that  acting  on  maltose 
is  designated  as  maltase. 

5.  Co<tf/)fftifinf/  *  uzifimHyOr  thosi'  acting  U]iff\i  Sitlnble  pmteids,  pre<'ipitating 
them  in  an  insoliil»le  iiprni.  As  i\\am]kles(»t"  tiiis  class  we  have  fibrin  Icrment 
(//irom/»fH),  formed  in  shed  blo<Ml,atnl  intiifn,i]\L*  rntlk-i-nrdling  ferment  of  the 
gastric  juice.    An  i^nzyme  similar  to  jx'nnin  has  been  found  in  pineapple-juice. 

These  five  classes  eomprise  the  chief  groups  of  enzymes  that  arc  known  to 
4Kvur  in  the  animal  body.  One  or  more  examples  of  each  gronp  take  part  in 
the  digestion  of  hwHl  at  some  time  during  its  passiige  through  the  alimentary 
eanal.  From  time  to  time  otiicr  enzymes  iiave  been  rcet^gnized  in  the  litjuid-s 
or  tissues  of  the  body.'  Thus  in  shed  blood  and  indecil  in  other  tissues  an 
enzyme  (glycolytic  enzyme)  that  is  cajxdde  of  destroying  sugar  seems  to  be 
present.  When  sugar  is  added  to  shed  l)h)od  it  disappears  as  sucli,  although 
the  prtnincts  formed  have  not  been  ree'<tgni/ed.  Similarly  from  nuniy  tissues 
of  the  body  oxidizing  enzymes  have  been  extmetetl  that  are  capable  of  caus- 
ing energetic  oxiilation  of  orgtinie  bodies;  for  instance,  they  ean  convert 
salicylaldchyde  to  salicylic  acid.     It  is  iK>ssii)lc  that  these  oxidizing  enzymes, 

'  For  a  recent  samniKry  of  facts  and  literature  upon  en xjaus  we  Green :  l^t  So(ubU  FoinaUt 
and  Fermmtation,  1897. 
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or  oxiilaMg,  furni  a  Kr*}"!*  ^^^'^^  plinx  an  iinporUiiit  |Hirt  in  the  iiiiu'tioiial 
i)U'talMr]it>m  of  tli<-  lisbiirii,  liut  al  i^ri'sciit  <inr  knowlcdjro  of  their  existenco 
atid  functional  vahic  in  the  living  orgiinii^ai  i.s  very  unct-rtain. 

A  gn>:it  nnnil>er  ofgfMK'ml  rt^nctiotiH  havo  Ih'imi  i]i.sroviM\Mi,H|)]>lii*4ihle,  with 
an  exception  here  and  there,  U>  the  whole  f^nnip  of  enKynie».  Among  tht*t*c 
reactionn  the  followiiip;  are  the  most  useful  or  j^i^niHeant: 

1.  Siiluli'dity. — The  enzymert  are  Holuhle  in  water.  Tiiey  are  alw>  solu- 
ble in  glycerin,  thi^  being  the  mo^t  generally  iiw»fnl  solvent  for  ohtnining 
extraelia  of  tiie  unzyniesj  I'roni  the  or^^inh  in  wliieU  tlit-y  are  formed. 

2.  Effed  of  TvmjHraturc. — In  a  moist  rontliti<»n  they  are  tirstroye<l  by 
temperatures  below  the  boiling-point;  60"  to  80°  C.  are  the  liniita  actually 
oljserved.  Very  low  teni|K*nitui\\s  retard  or  even  suh|hmk1  entiivly  (O"^  0.)  their 
action,  without,  however,  destroyiiig  tlie  enzyme.  For  eaeJi  enzyme  tliere  Is 
a  tempentture  at  whicli  its  action  Ih  )^i\;ite^t. 

3.  Incompletenena  of  AHion, — With  the  excrption  porha|)s  of  the  coagulat- 
ing enzymes,  they  are  charactcrizwi  by  the  fact  that  lu  any  given  solution  they 
never  completely  destroy  the  sulwtauee  u|K)ti  whicli  they  act.  It  M.'eni&  that 
the  products  of  their  activity,  as  they  accumulate,  tinally  prevent  the  eusiymes 
fiYini  acting  further;  when  fhe>i^  prfMluetsare  renioveil  the  action  of  the  enzyme 
l>egins  again.  The  mo-t  fannliar  example  of  this  very  btrlking  ptn-uliarity  ia 
ibund  in  the  action  of  |>epsin  on  proteid^.  The  products  of  digestion  in  thia 
•case  are  peptone*^  and  pn>tfM»?i)s,  and  when  they  have  reached  a  cvi*tain  concen- 
tration they  prevent  ^ny  further  proteolysis  on  the  jiiirt  of  the  jwjwin. 

4.  Relation  of  the  Anioant  of  Enztpne  to  the  Effect  it  PfOilucefi. — With  most 
flabetance^i  the  extent  of  the  chemical  change  pnxlucetl  is  prf)|)ortional  to  the 
amount  of  the  sul)slance  entering  inti>the  reaction.  With  the  enzym**!?  this  ia 
not  .so.  Except  for  very  smalt  ((uautities,  it  may  l>e  said  that  tlie  amount  of 
change  c:ius*h1  is  indeju'ndL'Ut  of  the  amount  of  euzyme  pre*»ent,  or,  to  state  tlie 
matter  more  a^vurately,  **  with  increasing  amounts  of  enzymes  tlie  extent  of 
action  also  incrtiLsc.s,  reaching  a  maximum  with  a  certain  percentage  of  enzyme; 
increase  of  enzyme  beyond  this  has  no  effect."^  This  fact  was  formerly  inter- 
preted to  mean  that  the  enzyme  ia  not  usetl  up — that  is,  not  permanently  altered 
— by  the  n^artion  that  it  caust^s.  This  belief,  indee<l,  must  l)e  true  sulxstan- 
tialty,  but  it  has  been  found  pnieti*»ally  that  a  given  solution  of  enzyme  cannot 
be  usetl  over  and  over  again  imlrfiiiitely.  It  is  generally  believed  now  that, 
although  an  euzyme  causes  an  amount  of  change  in  the  substance  it  acts  u[>ou 
altogether  out  of  proportion  to  the  amount  of  its  own  substance,  neverthe- 
less it  is  evetitually  destroyer!;  its  action  Is  not  unlimited.  Whether  this  using 
up  of  the  enzyme  is  a  neoefsary  result  of  it»  aetivit}',  or  is,  as  it  were,  an  aeci- 
deutal  effect  irom  spontaneous  cbauges  in  its  own  molecule,  remains  unde- 
termined. 

Theories  of  the  Manner  of  Action  of  the  Enzymee. — It  is  now  Indieved 
that  the  action  <tf  many  of  x\w  Unly  cuzymt's,  esptx-ially  the  <ligestive 
enzytDf^f  is  that  of  hydrating  agent8 ;  they  proilnce  their  effect  by  wliat  m 
■  Tuuinmnn  :  ZtiheHnJt  fur  phytioiogMu  Ckrmie,  1892,  M.  %vi.  8.  271. 
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kiiuwn  us  hydrolym;  that  is,  they  canst'  the  inok-cules  of  the  Hiihstunce  upon 
whit^h  they  act  to  take  up  one  or  more  molctiuk's  of  water;  the  resulting 
moleeuk?  tlieii  splits  eir  is  dissiKriatetl,  with  the  formntjoii  of  two  or  more  sim- 
pler bwlies.  Tliis  is  one  of  the  most  gi^Miificitnt  facts  in  connection  with  the 
action  of  the  eun^mes;  it  is  well  iUiistrate<l  by  t!ie  action  of  invcrtin  on  cane- 
suj^ar,  as  folIowK: 

Cunt!->-Ji:rir.  I)eilroiK,',  Lcvulose. 

In  what  way  enzymes  cause  the  sulistantxs  they  act  uiwn  to  take  np  water  is 
iii»krn)vvn.  The  fiict  that  they  aix*  nut  them-^'lvcs  umiI  up  in  the  n*artion  pro- 
lN»rti*nially  (o  the  change  they  cause  formerly  iurtuence<l  physiologists  and  chem- 
ists to  explain  their  eJf'ect  a.s  dne  to  caktbfmy  or  contact  action.  In  its  original 
fieose  this  designation  meinit  thjit  the  molecules  of  enzvnie  act  bv  their  mere 
presence  or  contiguity,  but  it  ucliI  s^^itvly  be  said  that  a  statement  of  tliis 
kind  does  not  amount  to  an  explanation  of  their  manner  of  action  ;  to  say  tliey 
*' act  by  (^talysis"  means  nnthinji^  in  itself.  Efforts  to  explain  tlieir  action 
have  resulted  in  a  uund>er  of  hyjiiithesiw,  a  detailed  neeount  i>f  wfiicli  wonhl 
hinxlly  l>e  appntpriate  liei-e.  It  nniy  l>e  mentioiuHl  tliat  two  ideas  huve  fiKUul 
most  general  ncceptanee  :  one^  that  the  enzyme  acts  by  virtue  of  some  peculiar 
pliysieal  pwperty,  buch  as  the  physical  state  \\{  its  mnlceidcs,  <jr  by  setting^ 
up  vil)n»tii>ns  in  the  mohrnles  uf  the  substance  acted  upon  ;  the  other  i<lea 
is  that  the  enzyme  cntei>s  into  a  tlefinitc  rherairal  rtaction,  iu  whicli,  however, 
it  plavs  the  jmrt  of  a  rarrier  <jr  ^i-betwwn,  so  that,  idlhonjih  the  enzyme  18 
direi'tiy  concernfMl  tu  pnKbiein;^:  a  chenii^-.d  chiuigt*,  the  (inal  outcome  is  that  it 
remains  in  its  original  ctrndition.  A  numl>er  of  chemical  I'eactions  of  this 
genend  character  arc  known,  in  which  some  one  substuuM'  pass<*s  tlimugh  a 
c}'cle  of  changes,  aiding  in  the  production  of  new  comiMumds,  but  itself 
returning  always  to  its  first  condition  ;  for  ejtaraple,  the  i>art  taken  by  HgSO, 
in  the  manufacture  of  etlior  from  alcfjhol,  or  the  successive  changes  of  hffmn- 
globiu  to  oxyhiuimtglobin  antl  back  again  to  haemoglobin  after  giving  up  its 
oxygen  to  the  tissues.  Perhaps  the  most  suggestive  reaction  of  this  chai*acter 
is  the  one  qmited  by  Chittenden  ^  to  ilhistrate  this  very  ]iyjw>thesi3  as  to  the 
manner  of  action  of  enzymes,  as  fcjjlovvs  :  Oxygen  and  i:arl)ou  monoxide  gas, 
if  p4'rfe<'tly  dn*,  will  not  react  uixm  the  passage  of  an  electric  spark.  If, 
however,  a  little  aquefuis  va])or  is  present^  they  may  be  made  to  unite  readily, 
with  the  formation  of  CO,.  The  water  in  this  case,  witliout  tloubt,  enters 
into  the  rcjiction,  but  in  tiie  cud  it  is  re-formwl,  and  the  tinal  ivsult  is  as 
tliough  the  water  had  not  directly  participatetl  in  the  prtM?ess,  The  reactions 
sup[K)eed  to  take  place  are  explained  by  the  Jblh>wiDg  equations : 

CO  +  2\\f>  +  O,  =  CO  {OID,  -f  HA. 

HA  +  CO-CX^fOIIj,. 

2C^OH)j,  =  2CO,  +  2H,0. 

'  Cartwright  Lectures,  Mcdxcnl  Heeord,  New  York,  April  7, 18W. 
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B.  Salivabt  Digestion. 
The  first  of  the  dig^'stive  serretions  with  wiiipli  tiie  foo<]  conn's  in  rontai'l 
is  Mifint.  TIii>  lii]niil  is  u  mixi'tl  riccn-tinii  fnun  tlu- six  liir»r<^  siilivarv  irlatuls 
( p:tn)ti(]s,  8n1>iii:ixil1uri<s,  :iiiil  riuMinguals)  aiu!  tlu*  snuillcr  niuoous  anil  ^^toiis 
glands  that  o[K'n  into  tin*  mouth.  The  physiolop'^al  amitomv  of  these 
glHn<Unnd  the  nioohaiiisni  liy  which  tho  Born-tionH  are  jmMlurcd  and  n'f;iihited 
will  be  found  descrilK*d  fully  in  the  section  on  Secretion ;  we  are  (xinwrned 
hiTu  only  with  the  <xiin|)osiiion  of  the  secretion  after  it  is  formal,  and  with  its 
a<tion  npon  fiK»ds. 

PropertieB  and  Composition  of  the  Mixed  3aiiva. — Filteretl  saliva  is  a 
cKtir,  vif?t*id,  tranj?parvat  lif|uid.  As  obtained  u??ual]y  from  the  mouth,  it  is 
ni*>re  or  lef<s  tnrbtd,  owiiiy;  to  llie  presence  in  it,  in  suspension,  of  jmrticlcs 
of  fooil  or  of  detaciie<l  eell.-^  from  tlie  ejiithr-Iinin  of  the  nuiiith.  A  some- 
what ehanieteristie  eell  eontairR'ii  in  it  in  small  nurnlHjrs  is  the  &4>-t?illed 
**Kilivnry  corpuscle."  The-^e  bodies  are  probal)ly  leucocytes,  altered  in  struc- 
ture, that  have  osoajv'^l  intu  the  soeretion.  8t»  far  as  is  known,  they  have  no 
physitflogiuil  vaUie.  The  speeilic  gravity  of  the  mixeil  secretion  is  on  an  aver- 
age 1003,  and  its  reaction  is  uornially  alkaline.  The  total  amount  of  secretion 
during  twenty-four  liours  varies  naturally  with  the  individual  ami  tho  eondi- 
1^^  tions  of  life;  the  wstiinsites  made  vary  I'rom  3U<l  to  15iM)  grams.  C'liemically,  in 
^f  addition  to  the  water,  the  sidiva  coutitins  mucin,  ptyalin,  ulbumlu,  and  inur- 
P  ganic  salts.     The  proportions  of  these  constituents  are  given  in  the  following 

^H         aualysifl  (Hamnierbacher) : 

^^B  In  lOuo  [«ru. 

^^^^  Water lHJ4.'i03 

^^^^H  rMiK-in  (ami  efiilhHtnl  cells) 2.202  « 

^^^^H  ]  PUalin  and  alljuuLin 1390  |  5797 

^^^^^^  (  Innr^anicdalU 2.205) 

^^^H^n  PoUuwiiim  milphocjAnide 0.041 

^B         The  inorganic  salts,  in  addition  to  the  sulphooyanide,  which  (Hiiira  only  in 
r  traces,  consist  nf  the  chlorides  of  potassium  and  sodium,   the  sulphate  of 

I  poia-ri^ium,  and  the  phosphatf^^  of  potassinm,  sorlium,  caleiuni,  and  nuignc^inm  ; 

the  earthy  phosphates  furni  about  U.O  [ht  cent,  of  the  total  ash.  Mucin  is  au 
imjjortant  constituent  of  saliva;  it  gives  to  the  secretion  its  ropy,  viscid  cha- 
racter, which  is  of  i^  much  value  in  the  mechanical  ftrnetioii  it  fulfils  in 
s^vnllowing.  This  suljstance  is  formed  in  the  salivary  glands.  Its  formation 
in  the  protoplasm  of  the  cells  may  be  followetl  microscoprtally  (see  the  section 
on  Secretion).  Chemically,  it  is  now  known  to  be  a  combination  of  a  ppoteid 
■with  a  «irl>ohydmle  group  (kcc  section  on  The  Chemistr\'  of  die  U^mIv).  So 
far  as  known,  niiiein  has  no  function  other  than  its  mechanical  use.  The  pns- 
emx*  of  |x>tassium  sulplnK-yanide  (KCNvS)  among  the  salts  of  saliva  l|as  always 
Wn  consideretl  inten-slitiir,  since,  allhoujjii  it  f>ccui's  normally  in  urine  as  well 
as  in  saliva,  it  is  not  a  .sdt  found  comnioidy  in  the  secn*tions  of  tlie  iHtdy,  and 
ibi  occurrenoe  in  siUiva  seemed  to  indicate  some  sfx^cial  activity  on  the  part  of 
lJ»e  aalivary  gland,  the  po^ible  value  of  which  lias  been  a  subject  of  .spectda- 


284  AN   AMF.nrCAN    TEXT-HOOK    OF   PHVSIOl.OOY.  \ 

lion.  In  the  saliva,  liowevt'i*,  i\w.  .sulpiHuyuiiiile  is  faiiml  in  such  miiuite  trattft 
and  its  pi*c8ence  is  so  inconstant  that  no  sjKH^ial  Ainrtional  i tiiportancc  can  be 
aUnlmt4Ml  tn  it  It  is  snp|)Of?€d  to  l)e  derive<l  \\\\\\\  tlie  decornj>nsition  of 
pniteids,  and  it  rcprKsontt-,  tlicreturc,  ont'  of  ihu  f]nl-|>rudurts  of  protcid  n)elaJ>- 
oHsm.  Potassium  sidphtK-yanide  may  be  dettvti'd  iti  j^aliva  by  adiling  to  tie 
latter  a  dilute  acidulated  solution  of  I'erric  chloride,  u  reddish  color  being 
pnxluecd. 

Ptyalin  and  its  Aotion.^Froiii  a  iiliysiolMgioal  staiul|Kjiiit  the  miH 
important  constituent  of  saliva  \^  ptxfalin.  It  is  an  unorganize<i  ferment  «ir 
cnzyiue  iH'longing  to  tlio  amylolytic  or  di;uitatic  group  (p.  280)  and  poecK^iii^ 
the  general  [jrojxirties  ot  enzymes  already  enumerated.  It  is  found  in  human 
«altva  and  in  that  of  many  of  the  lower  animals — for  example,  the  pig  and 
the  Iierhivr»ra — but  it  is  said  to  be  aWnt  in  the  carnivora.  Ptyalin  has  not 
been  isolated  in  a  suflioicutly  pure  eonditioji  for  sati.siaetory  analysis,  so  tbit 
its  ehemicfd  nature  is  undetermined  ;  we  depend  for  its  detection  upon  ils 
S]x<'ific  action — ^that  is,  its  effect  upon  staifh.  SjKraking  rong-hly,  we  say  thai 
ptvidin  converts  starch  into  sujLj'^ar,  but  wiien  we  eome  to  consider  the  detail* 
of  its  action  we  fuid  thnt  it  is  coniplicatcKl  and  that  it  consists  in  a  series  of 
hydrolytic  splittings  of  the  Htareli  molecule,  the  exact  prtHlucts  of  the  reartim 
depending  upon  tin;  stagi'  at  which  the  actiitn  Ik  infrrrupted.  To  dcnion^tnte 
the  action  of  jrtyalin  on  stxiix-h  It  is  oidy  neces^uy  to  umke  a  Equitable  stini 
paste  by  boiling  some  (>owdei*ed  starch  in  water,  and  then  to  add  a  little  ^kA 
saliva.  If  tlie  mixture  is  kept  at  a  pro|ier  temi>erature  (30*^  to  40^  C.)i  thf 
presence  of  sugar  may  be  detected  within  a  few  minutes.  The  sugar  tltat  ti 
formed  was  for  a  time  suppostnl  to  l>e  orflinary  gra[>e-sugar  (dextrose,  C,H(,OJ, 
but  later  experiments  have  ^iiown  conclusively  that  it  is  nialtf)sc.(C,jHgO„f 
II,0),  a  form  of  sugar  more  closely  related  in  fornuda  to  can€?-sugar  («e 
Chemiatl  section).  In  experiments  of  the  kind  just  describc<l  two  facti 
may  easily  be  noticed:  first,  that  the  conversion  of  starch  to  sugar 
is  not  direct,  but  o<x.'nrs  through  a  nnmler  of  intcnncdiate  stages;  second, 
that  the  starch  is  not  entirely  convertcfl  to  sugar  un<ler  the  conditionB  of 
such  experiments — namely,  when  the  digestion  is  carried  on  in  a  ves«l 
digestion  in  vitro.  Tlie  secornl  fact  is  an  ilhistrdtion  of  the  incomplete 
ncss  of  action  of  the  enzymes,  a  general  prii[>rrty  that  has  already  btra 
Qoticcd.  We  may  suppose,  in  this  as  in  other  aises,  that  the  productM  rf 
digestion,  as  they  a(*cuinulatc  in  the  vessel,  tend  to  retard  and  fiuallv  to-iO^ 
pen<l  the  amylolytic  action  of  the  ptyalin.  In  normal  digestion,  howe\'er.it 
is  usually  the  wise  that  the  pro^lucts  of  digestion,  as  they  are  fortned.  ii» 
removed  by  aljsorption,  and  if  the  alxive  explanation  of  tlie  cause  of  iIk 
incompleteness  of  action  is  correct,  then  under  normal  eouditions  we  sh(»uU 
expci't  a  complete  convei-siou  of  starch  to  sugar.  Lea '  states  that  if  ii« 
products  of  ptyalin  action  are  partially  removed  by  dialysis  during  dij^ic* 
in  rifrOj  a  mnch  larger  percentage  of  maltose  is  fonnwl.  His  experimcott 
wouhl  seem  to  indicate  that  in  die  body  the  action  of  the  ainylolvtic  fenutflt 
>  Journal  of  Phynolorry.  1«90.  vn|.  xi.  p.  227. 
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niiiv  Ik"  fNjnipIete,  ami  tliat  tlio  linnS  jummIhoT  oF  their  nptkm  may  be  lualtose 
alone.  It  will  Im?  fuutnl  tliat  (hin  stalemtiit  EH»|>lie3  ]iractically  not  to  the 
ptyalin,  hut  tt)  the  similar  ainyUjlytic  enzyme  in  the  jKind'catic  set-rction,  owint? 
to  UiL'  fiR't  tFiat,  nornuilly,  icxnl  is  lu'lil  in  th«  nuuith  far  a  short  time  onlyj  atitl 
that  ptvalin  tligestion  ik  soon  iiiterrupt€<l  after  the  food  reaches  the  stomnch. 
With  ivft'ivnee  to  ihe  iiilLrnmtliate  slaves  or  jn*o(]iict.»*  in  the  conversion  of 
starrh  to  sun-ar  it  ii*  ditlirult  to  j;ive  a  jwrfeotly  dear  aecoiint.  It  was  formerly 
tliought  that  the  starch  was  lii*st  converted  to  dextrin,  and  this  in  turn  was 
WHiverte*!  to  sii^r.  It  is  now  l>elieved  tliat  ihe  stareh  nioletnile^  which  is  f|iiite 
^-oriipleXj  consisting  of  some  muhiple  of  CglljyOj — possibly  (QHi^^Oi^Jji, — Hrst 
takes  up  water,  thereby  Ix^oouiiug  soluble  {s<.»luble  starch,  amykidextnn),  and 
then  splits,  wttii  ihe  forniatinn  of  dextrin  and  niaUose,  nod  that  tlie  dextrin 
again  nntlerj^i»e&  the  same  hyiU'olytic  process,  witli  tht^  ionnalion'of  a  second 
dextrin  nud  more  maltose;  this  process  may  continue  under  favorable  con- 
ditions until  only  maltoHe  is  pn«ent.  The  dittieulty  at  present  in  in  i?«>latiug 
the  different  forms  of  dextrin  that  are  proiiuf'cti.  It  is  usiiaily  saiil  tliat  at 
least  two  forms  iK-cnr,  tuie  of  whit~h  give,s  a  re<l  L'<i]or  with  iodine,  ami  is  lliere- 
fore  known  as  eryfhrode^cinn^  while  the  other  gives  no  color  reaction  with 
iodine,  and  is  termed  achro^Uhxtvin.  It  is  piTtty  cei-tain,  liowever,  that  there 
are  sevend  forms  of  ac'hr(K)dextrii»j  ami,  act^ordint^  to  some  ol>servefs,  erythro- 
dextriu  also  h  r-eally  a  luixturc  of  dextrins  with  maltose  in  varying  propor- 
tions. In  a<x'orLlant'e  with  the  j^tner'al  outline  of  the  process  given  al>itve, 
Neutueister  '  projxises  the  following  schema,  which  is  useful  because  it  gives  a 
dear  representation  of  one  theory,  but  which  must  not  be  considered  as  satis- 
factorily demonstrate*!  (see  also  the  section  on  Chemistry  of  the  Body), 
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This  8<^hema  represients  the  possibility  ftf  an  ultimate  conversion  uf  all  the 
starch  into  iiiakose,  atid  it  shows  at  the  snme  time  tluit  maltose  may  be  pres- 
ent very  early  iu  the  reaction,  and  that  it  may  occur  together  with  oue  or  more 
dextrins,  an'onling  to  the  stage  of  the  digestion.  It  should  l^)e  said  in  ci»nclii- 
sion  that  this  ilescrriptiou  of  tlie  manner  of  action  i>f  the  ptyalin  is  suppovsed  to 
ap[)ly  wptally  well  to  the  amylolytic  enzyme  of  the  jiancreatic  secrt^tion,  the 
two  Iwing,  S4>  far  as  ku<iwu,  ideutiad  in  their  projwrties.  From  the  stiuid- 
piHut  of  relative  pliysiohigictd  importance  tlie  <It'scriptiou  of  the  iletails  of 
amylolytic  digestiim  should  liavc  lx*en  left  until  the  fimotirtns  of  the  pancre- 
atic juice  were  coupidered.  It  is  introduced  hen?  be^-anse,  in  the  natural  order 
'  Lehrbvrh  dcr  phjsioloffuschm  CT«m>,  1893,  p.  232. 
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tion.  Ill  the  saliva,  however,  the  AuijihcK-yaniJo  is  foiiiul  in  such  minute  tratxs 
ami  its  preseuce  is  so  inconstant  tliat  no  special  fuuotional  ini|K)rtauoo  win  Ite 
altrihutwl  to  it.  It  is  .ciipp(kie(l  to  l)e  ih-rivtHl  \'v\n\\  the  <hi€*<>tnpfJsitioii  of 
proteids,  aiul  it  repi'esfnt,*?,  therefure,  one  of  the  eiHl-pio*hj('t*  of  proteiil  njt'tab- 
olism.  Potassium  sulphfjcvankle  may  be  detected  in  saliva  by  adding  to  the 
latter  a  ililiite  acidtilated  soluiion  of  ferric  cldoride,  a  reiklisii  nilor  l)cing 
prmluced. 

Ptyalin  and  its  Action. — From  a  piiysiological  standpniiiit  the  must 
important  constituent  of  saliva  is  ptycUin,  It  is  an  iniorgtuiiaed  ferment  or 
enzyme  bch)u*:iug  to  tlie  aniylolytic  or  tliastatic  group  (p. 'JSO)  and  possessing 
the  general  pix)perties  of  enzymes  already  enumerate*.!.  It  is  fuund  in  liuuiau 
saliva  and  in  that  of  many  of  the  lower  animals — for  example,  the  pig  and 
the  lierhivorn — but  it  is  siiid  t**  he  al)scnt  iu  tlic  carnivora.  I'tyaJin  has  not 
been  Isolati-d  in  u  suflieieutly  pure  enndition  for  satisfactory  analysis,  stj  that 
its  chemical  nature  is  undetermined;  we  de}»end  for  its  detection  ujxin  ita 
specific  action — that  is,  its  eU'eot  upon  staivh.  8i>caking  roughly,  we  say  that 
ptvalin  converts  starch  into  sugar,  but  wjjcn  we  ctuue  to  consider  the  detaili) 
of  its  actiou  we  fuid  that  it  is  complicatetl  and  that  it  consists  iu  a  series  of 
hydrolytic  splittings  of  the  starch  molecidc,  the  exact  prcHlucts  of  the  reaction 
depcndiutr  upon  the  statfo  at  wliicli  the  action  is  inU*rniptcd.  To  diTutuistnUo 
the  action  of  jrtyaliu  on  starch  it  is  only  necessary  to  make  a  suitahic  starch 
paste  by  boiling  some  powdered  staah  iji  water,  and  theu  to  add  a  little  fresh 
saliva.  If  the  mixture  is  kept  at  a  ]nx>jHT  temperature  (30°  to  40^  C),  the 
presents  of  sugar  may  be  detected  within  a  few  mirmtes.  The  sugar  that  is 
formed  was  ftir  a  time  suppose*!  to  lie  ordinary  gnipc-sngar  (dextrose,  CgH,jOj), 
but  later  exixriments  have  shown  conclusively  that  it  is  mah^se.(^C,2H5JO,,,- 
H20),  a  form  of  sugar  more  closely  related  in  fornnda  to  cane-sugar  (see 
Chemical  seetion).  In  cxjicriments  of  the  kind  just  doscrilwd  two  (acts 
may  easily  be  noticed :  first,  that  the  convei'sion  of  starcli  to  KUgor 
is  not  direct,  but  wcurs  through  a  numl>er  of  intermediate  stages;  seoond, 
that  tiic  starch  is  not  entirely  converte^l  to  sugar  nndrr  the  conditions  of 
sach  experiments — namely,  when  the  dige-stion  is  carricil  on  in  a  vt»ssel, 
digestion  in  vitro.  The  secontl  fact  is  an  illustration  of  the  incon»piete- 
ness  of  action  of  the  enzymes,  a  general  pro]K'rty  that  has  alrc^'uly  been 
noticed.  We  may  sup{)ose,  in  this  as  m  other  cjisi*s,  that  tJie  pi-oductH  of 
digestion,  as  they  at-cunudate  in  the  vessel,  tend  to  retunl  and  iiually  in  sus- 
pend the  amylolytic  action  of  the  ptyalin.  In  normal  digestion,  however,  it 
is  usually  the  case  that  the  products  of  digestion,  as  they  are  formed,  are 
removed  by  aljsorptiou,  an*!  if  the  alMJVO  cx[danati(m  of  the  cmise  of  the 
incompleteness  of  action  is  correct,  tlien  under  normal  conditions  we  should 
expect  a  complete  conversion  of  staR'h  to  sugar.  Lea  ^  states  that  if  the 
products  of  ptyalin  action  are  partially  removed  by  dialysis  during  digestion 
in  n7ro,  a  nmch  larger  jx-rcentagc  of  maltose  is  furrned.  His  ex[»erinieuts 
would  sec*m  to  indicate  that  in  the  botly  the  action  of  the  amylolytic  ferments 
1  Journal  of  Pkygioloify,  1890.  rot.  xi.  p.  227. 
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may  Ik?  coiiiplotc,  ami  tluit  the  liniil  product  of  their  action  may  be  imittoM? 
alone.  It  will  hv  tbtiml  that  tins  statement  applies  practii-ally  not  to  the 
ptyalin.  hut  U\  the*  siniihir  ainyh)lytic  enzyme  in  the  jKiunvatic  secretion,  owinj;: 
to  the  fact  that,  uormally,  Imxl  is  held  in  the  mouth  for  a  i*h(»rt  time  only,  and 
that  ptvalin  di)j;tstion  is  soon  intrrruptwl  after  i\w  food  reaches  the  Htomaoh. 
With  ri'fi'ivnee  to  the  intonuetlijite  sia^t*?.  or  pitHhicti*  in  the  conversion  of 
starch  to  sugar  it  is  difficult  to  give  a  perfectly  dear  account.  It  was  formerly 
thought  that  the  starrh  wa.H  first  CMnvLiteii  to  dextrin,  and  thi'^  in  turn  woh 
converted  to  *ugur.  It  is  now  l*elievwi  tljuL  the  ^tarell  molerule,  which  is  quite 
<x>niplex,  consisting  of  some  multiple  of  C^HmO^ — {xwsibly  (CgHmOjlja — first 
take*  up  water,  tlieivby  Incoming  solnhle  (niluhlo  'ilarch,  amykKlextrin),  and 
then  splits,  with  tin?  formation  of  dextrin  and  multiiese,  and  (hat  tlie  dextrin 
aipiin  underaiies  the  :^me  livilnjjytie  process,  with  the  formation  of  a  second 
dextrin  and  m<tre  maltose;  this  process  may  contimie  umler  favoi^ble  con- 
ditions until  i>nly  maltose  is  ppcseiit.  The  diflfieulty  at  present  is  in  isolating 
the  dififeiTut  fttrnis  oi'  dextrin  that  are  prodiRviK  It  is  uMwIly  said  tiuit  at 
leaist  two  forms  f>ecur,  one  i}i  which  gives  a  red  color  with  iodine,  and  is  there- 
fore kiK»wn  as  t'rythrodextnUy  while  the  other  gives  nii  ci^hir  reiu'tiou  with 
ioiiine,  and  is  termefl  arhrnfidexU'iiK  It  is  pn'tty  certain,  however,  that  there 
an?  sevend  forms  of  achrHHlexIrin,  and,  awx)rding  to  8ome  oi)«*er\'ers,  erythro- 
dextrin  also  is  rwilly  a  niixtnrf*  of  (lextrin>  with  maltose  in  varying  pm|K»r- 
tions.  Jn  necoiilaiiee  with  the  general  outline  of  the  piYM-ess  given  alxive, 
Neumeister '  pni|K)ses  the  iiiHowing  Hchema,  which  is  useful  IxxauLse  it  gives  a 
oJear  representation  of  one  theory,  Imt  \\\\\Ai  nnist  not  l)e  considered  a^  satis- 
faet*»rily  den»(inslrate<l  (see  also  the  se<:i[o[j  «jn  Chemistry  of  the  B<Miy). 
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This  schema  represents  the  possibility  of  an  ultimate  conversion  of  all  the 
Htarci]  into  maltose,  and  it  shows  at  the  same  time  that  maltose  may  be  pre^ 
ent  very  early  in  the  reaction,  and  tiiat  it  may  occur  tf)gelher  with  one  or  more 
dextrins,  atronling  l<»  the  stage  of  the  digestion.  It  should  be  said  in  conclu- 
sion that  this  des<Tiptiou  of  the  manner  of  action  of  the  ptyalin  is  supfKised  to 
apply  e«{ually  well  to  the  amylolytic  enzyme  of  tlie  pxnicreatic  secretion,  tfie 
two  iK'ing,  so  far  as  known,  identical  in  their  propertii-s.  From  the  stand- 
|Ntint  of  relative  jdiysiologieal  imjxirtantie  the  (hscription  of  tlie  details  of 
amylolytic  digestion  nhtadtl  have  been  leH  until  the  functions  of  the  pancre- 
atic juice  were  con^iden^d.  It  is  iutrrKlutvr]  hen?  bet^-anse,  in  the  natural  order 
'  Jxhrhurh  der  fA^itdtH/isehen  Ckemi'f,  1B9>%  p.  2S2. 
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of  treatmeutj  ptyalin  is  the  first  of  this  group  of  ferments  to  be  encouutered. 
It  is  interesting  also  to  remember  in  this  ci:nini?ction  \\\\\t  ptarch  can  be  nm- 
verted  into  sugar  by  a  process  of  hydmlytic  rieavasre  by  bailing  with  (Jiliite 
mineral  acids.  Altliongh  the  geiieml  action  oi'  dilnfe  acids  and  of  amyloU'tio 
enzymes  is  similar,  the  two  processen  are  not  ident!(.ti]^  since  in  the  fii>?t  proceae 
dextrose  is  the  sugar  fMrmal,  wliile  iu  the  fitrond  it  is  maltose.  Moixjover, 
variations  in  iem|M}raturo  allect  the  two  reaetiotis  ditferently. 

Conditions  Influencing"  the  Action  of  Ptyalin. —  Temperahire, — As  iu 
the  case  of  tiie  other  enzymes,  ptyalin  is  very  snM'i']»tible  Uy  elianges  of  temper- 
ature. At  0*  C.  its  activity  is  said  to  be  suspemitfl  entirely.  The  intensity 
of  its  action  inci'eases  witli  increase  of  tenipei-ature  iVoni  this  point,  and 
reaeh(»s  its  nmxijiiuiri  at  about  40°  C.  li^  the  tem(M'r:Lluro  is  raisi-cl  mucli 
beyond  this  point,  tlie  action  of  the  ptyalin  de<nvas!s,  atul  al  from  ij5°  to 
70°  C.  the  enzyme  is  dwtroyed.  In  these  latter  ]Hiinls  ptyalin  differs  from 
diastase,  the  onzjMiie  of  malt.  Diastase  shows  a  maximum  action  at  60*^  C. 
and  is  destroyetl  at  80°  C. 

ElfiTi  of  Jlettvtlou. — The  normal  i*esietion  of  saliva  is  slightly  alk:dine. 
Chittenden  has  shown,  however,  that  ptyalin  acts  as  well,  or  even  l>etter,  iu 
a  jierfwtly  neutral  nuslintu.  A  strong  alkaline  reaction  retards  or  prevtiits 
its  ai'tion.  The  most  niaikeil  influence  is  exerted  by  acids.  Free  hydrnehlorie 
acid  to  the  extent  of  only  O.OOii  per  cent,  (Chittenden)  is  sufHcient  to  prac- 
tically stop  the  nmylolytic  netimi  of  enzyme,  and  a  slight  increase  in  acidity  not 
only  stops  the  aetiim,  hut  also  di^tmys  the  enzyme.  The  latter  fact  is  of 
practical  ini|»ortance  because  it  indicates  that  the  acliou  of  ptyalin  on  stareli 
must  Ir*  susjK'ndal  after  the  focMl  ivaehes  the  st*inuu*h. 

Cottditlon  Iff  (he  Sttirrlh — It  is  a  well-known  fa<'t  that  tlie  convei'sion  of  starch 
to  sugar  by  enzymes  takes  place  much  more  rapidly  with  cookf.'d  starch — for 
example,  starch  paste.  In  the  latter  c<indi(ion  sugar  begins  to  appeiu-  in  a 
few  minutes  {one  to  four),  provided  a  g'uxl  enzyme  solution  is  used.  With 
starch  in  u  raw  condition,  on  llie  contrary,  it  may  bo  many  ruituUers,  or  even 
several  hours,  l>efore  sugar  can  be  detectetl.  The  longer  time  iv(juired  for 
niw  staivh  is  partly  explaine*!  f)y  the  well-known  fact  th:il  the  stnreh-grains 
are  surnmnde*!  by  a  lnyvr  of  irllnhisf*  or  <'t'lfii lose-like  material  that  resists 
the  action  of  ptyalin.  When  boiled,  this  layer  breaks  and  the  stan-li  in  ifn' 
interior  Iwex^mes  exposed.  In  athlition,  the  stnn-li  itself  is  rhangeil  during  the 
boiling;  it  takes  n]v  water,  anil  in  this  hydratcil  condition  is  aetetl  upon  more 
rapidly  by  the  ptyalin,  The  practical  value  of  cooking  vegetable  foixls  is 
evident  from  thes*'  statenu-nts  without  further  comment, 

Phyaiological  Value  of  Saliva. — Akh(nigli  Imnuui  saliva  contains  ptvaliu, 
and  this  enzyme  is  known  to  possess  very  energetic  amylolyiic  properties,  yet 
it  is  jvrobable  that  it  has  an  insignificant  action  in  nornial  digestitai.  The  time 
that  fotxl  I'emains  in  the  month  is  altogethei"  tutj  short  U*  suppos*.-  that  the  staix^i 
is  profoundly  afleeted  bv  the  pivalin.  Indeed,  the  saliva  of  dogs  and  cats  is 
said  to  contain  no  ptyalin,  while  horse's  saliva  is  free  from  ptyalin,  nitliough  it 
contains  a  zymogen  that  may  give  rise  to  ptyalin.     It  would  seem  that  wiiat- 
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ever  change  takc8  pla<'.o  nuwt  l>e  confinoil  to  the  initial  stages.  After  the  mixed 
fuilivn  an<l  food  arc  swallowed  it  is  usually  >u|))>oseil  that  the  aeid  reaction  of 
the  gastrie  juice  soon  stops  ronijih'ti-ly  all  further  ainyUtlytie  action,  although 
this  i>oint  is  often  disputed.'  Tiie  e(jm]>lete  digestion  of  the  carbohydrates 
taken  place  ai'lcr  the  TixkI  icliyrne)  has  rcarlicd  tlir  small  iutcstin*^  under  the 
inrtuenee  *»f  the  aniyh»psin  nf  ihc  pinnTciUie  secretion.  For  tiiese  reasons  it  is 
utiuatly  iK'lieved  that  the  main  value  uf  the  sidiva,  to  the  human  being  and  to 
the  earuivora  at  least,  is  that  it  t'aeilitates  the  swallowing  of  faiMl.  It  is  im]x»s- 
sihle  lo  swallow  perl'eetly  dry  frMxI.  The  sadiva,  l)y  moistening  the  foiKl,  not 
only  enables  the  swallowing  aet  to  take  place,  but  \U^  viscous  consistency  nuist 
ttid  also  iu  the  i?asy  passajre  of  the  fotnl  aloii^r  tlie  lesophagus.  In  addition 
tile  Solution  of  parts  of  the  fiMnl  in  the  wiliva  ^ives  f»ecasiou  lor  the  stiiunlu- 
tion  of  the  Uiste  ntTNCs.  and,  as  we  shall  m'C  In  sludyitig  the  mtH'lianisiu  of 
gitstric  secretion,  the  conscious  senHations  thus  prtK]uco<l  are  very  im|»ortnnt 
for  gastric  digestion. 

0.    Gastric  Digestion. 

AAor  the  HmmI  rearhes  ihe  >tiiinat'h  it  i^  cxposixl  to  the  action  of  the  secre- 
tion of  the  gastrii*  inunni-s  iiienibniiie,  kntfwn  usually  as  ihi:  (/ttytrir  juivt;  The 
physiological  meeluiuisms  involved  in  the  pi-oduction  and  regulation  of  this 
swretion,  ami  the  iuijxirdmt  pnrt  playM  in  gastrie  digestion  by  the  movements 
of  the  stomadi,  will  I>l'  fDiind  th-seribed  in  other  sections  (Secretion,  Movtv 
meiite  of  Alimentary  (.'anal).  It  is  suflBcient  here  to  say  that  the  secretion 
of  gastric  juice  begins  with  tjje  eutninr-e  of  f^xnl  into  the  stomaeh.  By  means 
of  the  muscles  of  the  stomaeh  the  <x)ntaine<l  ftKHl  is  kept  in  motion  for  several 
hours  and  is  thoroughly  mixed  with  the  gastric  secretion,  whi<;h  during  tliis 
time  is  exerting  its  digestive  action  upon  certain  of  the  food-stuffs.  From  time 
to  time  portions  of  the  liquefied  contents,  known  ns  rhyme,  an*  forcei!  into  the 
dnorlenum,  and  their  lUgestion  is  eompletetl  in  th<*  smiill  iiiitstitie.  (tjtstrio 
digestion  and  intestinal  digestion  go  more  or  less  Imncl  In  haiKl,  and  usnaDy 
it  is  im|>ossib1e  to  tell  in  any  given  c:ise  just  how  mneh  of  the  foo«l  will 
undergo  dig<H*lion  in  the  stomach  and  how  nnirh  will  l^e  lelt  to  the  action  of 
the  intestinal  secretions.  It  is  [Missible,  however,  to  collect  the  gastric  aecre- 
tiou  or  to  make  an  artificial  jnii-e  anil  to  test  its  action  upon  foxl-stuffs  by 
digestions  in  riiro.  Much  of  our  fundamental  knowleilge  of  the  digestive 
action  of  tlic  gastric  juice  has  l)een  obtained  in  this  way,  although  this  has 
l>een  supplemented,  of  course,  by  numerous  ex(>eriments  upon  lower  animals 
and  human   Ix-ings. 

Methods  of  Obtainingr  Normal  Qaatric  Juice. — The  older  methods  used 
for  obtaining  normal  gaistric  juice  were  very  unsatisfactory.  For  institnee,  an 
animal  was  made  to  swallow  a  cit-an  sponge  to  which  a  string  was  attncliwl  so 
llial  tJie  sponge  c*mhl  afterward  be  removed  and  it,s  ccmtents  be  squeezed  out ; 
or  Uiere  was  given  the  animal  to  eat  some  indigestible  material,  to  .start  the 
•ecdretioD  of  juice  by  navhanical  slinndation,  the  animal  1>eing  killed  at  die 
*  Austin :  Boston  Maitai  tuui  Sii,>iirut  Journal,  1899. 
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jinfjMT  (iiiK'  :iit(l  ihe  contents  of  its  stomach  Ix'ing  collected,  A  better  metlioJ 
of  ohtalning  normal  jiii<^  was  puj^f^tetl  by  tlie  famous  oljsorvations  of  Boan- 
niont  ^  upon  Alexis  St,  ^lartin.  St.  ^Iiirtin,  by  the  ]>remature  clisclmnre  of 
iji.s  i^mi,  was  wniinHetl  in  tlic  aUIonien  aiui  jitotiiaeh.  On  liealing,  a  fistulous 
o]>ening  remuinwl  in  the  abdominal  wall,  leailinfj  into  the  stomach,  bo  that  the 
contents  of  the  latter  nniM  Iw  inspectefl.  I^eanniout  marie  nunieroiL*?  interest- 
in|T  ami  most  valuable  ol)!4frvations  upnii  his  ]>atient.  Sinee  that  time  it  has 
become  customary  to  make  fistulous  openings  into  the  stoniacha  of  dogs  wbeii' 
ever  it  ts  ne<'««*saiy  to  have  the  normal  jniee  for  examination.  A  silver  canula 
is  plaeed  in  the  tistula,  ami  at  any  time  the  phi^  eiosing  the  canuhi  luav  l»e 
removed  and  gastric  juieo  t)e  obtainal.  In  some  cases  the  cesopha^us  haa 
l>een  occluded  or  excised  80  as  to  prevent  the  mixture  of  saliva  with  the  gastric 
juice.  Gastric  juice  may  lx»  obluineil  from  human  l>eings  aLsj  in  cases  of  vom- 
iting or  by  means  of  the  stornacb-pump,  but  in  such  cases  it  is  necessarily 
more  or  less  diluted  or  mixed  with  food  and  cannot  be  used  for  exact  analyses, 
although  s|>eeimens  of  gastric  juiee  olitaintd  by  these  methyls  are  valuable  in 
the  diagnosis  and  treatment  of  gastric  troubles. 

Properties  and  Composition  of  Gastric  Juice. — The  normal  ga^stric  secre- 
tion is  a  thin^  colorless  or  nearly  e<ilorless  liquid  with  a  stnmg  acid  reartion 
and  a  clmraeteristie  otlor.  Its  s|>ecific  gravity  varies,  but  it  is  never  great, 
the  average  Ix-ing  about  1002  to  1003.  Upon  analysis  the  gastric  juice  is 
found  to  contain  a  trace  of  pr^tteid,  probably  a  jTeptone,  some  mucin,  and 
inorganic  .s;dls,  but  the  essential  conslituent^t  are  au  acid  (HCl)  and  two 
enz}*mes,  pepsin  and  rennin.  A  sjitts factor}'  analysis  of  the  human  juice  has 
not  been  reported,  owing  to  the  ditficulty  of  getting  prt>per  spccimeDs. 
Aceonling  to  Schmidt,*  tlie  gjistrie  jniec^  of  d(^,  free  from  saliva,  ha.<  the 
following  eom|xjHitirm,  given  in   1000  purls: 

Water 97aO 

Solids 27.0 

Orguiic  aubsCanca 17.1 

Fiw  HCl 3.1 

NaCl      2.6 

C«C1, 0.6 

Ka 1.1 

NH,CI 0.5 

0*h(K\),      1.7 

MgjfPO,),    .    - a2 

FePO, 0.1 

Gastric  juice  d<x«  not  give  acoaguluni  upon  liolling,  but  the  digestive  enzymes 
are  therebv  ilcstroyetl.  One  of  ihe  interesting  fuetrt  alMint  tliis  secit'tion  is  the 
way  io  which  it  witlistand^  putrefaction.  It  may  be  kept  for  a  long  time,  for 
months  even,  without  becoming  putrid  and  with  very  little  change,  if  any,  io 
its  digestive  action  or  in  its  total  acidity.  This  fact  sliows  that  the  Juice 
pQsses'4?H  antiseptic  properties,  and  it  is  usually  supjxtsed  that  the  preeeno^  of 
the  free  aeid  accounts  for  tliis  quality. 

'   TV  Phi/fiolui/y  of  ShgfMion,  1S33. 

*  Hwuniursten r    Text-innik  itf  J'hynototfUul  Chrmimry  Jninf,lftted  by  Mondel),  1803,  p.  I77. 
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The  Acid  of  Oastric  Juice. — The  nature  of  the  free  acid  in  gastric  jiii«; 
■njis  foniicrly  llie  Hiibjrft  di'  dispnto,  some  claiming  that  the  acidity  la  due  lo 
'IICI,  since  this  tocid  iiui  he  dl.stillLHl  off  from  the  gastric  juice,  otlien*  contend- 
ing that  an  oi^nic  acid,  lactic  acid,  is  present  in  the  secretion.  All  recent 
ex|ierimcnts  tend  to  prove  that  ilie  aridity  is  due  t<>  HCl.  This  fact  was  fir^t 
d<'MionstrattNl  satisfactorily  by  the  analyses  of  Schmidt,  who  showetl  that  if, 
in  a  given  specimen  of  gastric  juice,  the  chlorides  were  all  precipitated  l»y 
silver  nitrate  and  tlie  ttital  amount  of  chlorine  was  detcrinine<lj  more  was 
found  than  could  l>e  held  in  combination  by  the  bases  present  in  the  secretion. 
Evidently,  some  of  the  chlorine  must  have  l>een  pi'eeent  in  combination  with 
Imlrtigen  as  hytlroohloiio  a<id.  IViutinnatory  evidence  of  one  kin<l  or  another 
has  sim^  been  nbtaiued.  Thus  it  fias  i>een  shown  that  u  nuniIxT  of  *H>lor 
tests  for  free  minenil  acids  it>act  with  tlje  gastric  juice:  methyl-violet  solutions 
are  turned  blue,  oongo-rcd  mflutions  and  test-pa[)er  are  changed  from  red  to 
blue,  00  tropeolin  from  a  yellowisii  lo  a  pink-rcil,  and  so  on.  A  uuml»or  of 
ailditional  tests  of  the  siime  general  eharacter  will  be  found  descril>ed  in  the 
lalnjratory  handbooks  of  physiolog)'.'  It  must  be  addeil,  however,  that  lactic  acid 
undoubtcilly  t»ccurs,  or  may  (xrur,  in  ibt*  stoma<*h  duriug  digestion.  Its  pres- 
ence is  usually  explainal  as  iMiug  due  to  the  fennciitation  of  the  tairboh yd  rates, 
and  it  is  therefore  more  constantly  present  iu  the  Htomach  of  the  herbivora. 
The  amount  of  fi-ee  acid  varies  acconling  to  the  duration  of  digestion  ;  that  is, 
the  secretion  docs  not  ]>osses8  its  full  acidity  In  tlte  l>eginniug,  owing  pn>bably 
to  the  fact  (Hcidenhain)  that  iu  (he  first  periods  of  digestitm,  while  tht;  secre- 
tion is  still  samty  iu  amount,  a  [tortion  of  its  acid  is  neutralized  by  the 
swallowed  saliva  and  the  alkaline  secretion  of  the  pyloric  end  of  the  .stomach 
(see  the  setlion  on  Secretion).  Estimates  of  the  maximum  acidity  in  the 
human  sti>niai-h  are  usually  given  as  between  0.2  and  0,;{  per  cent.  The 
acitlitv  of  the  do^'s  ^ii^lric  Juice  is  greater — 0.-l(i  to  O.oG  per  cent,  fl'awlow), 

Oriflrin  of  the  HCl. — The  gastric  juice  is  the  only  secretion  of  the  IkxIv  con- 
taining a  free  acid.  The  fact  that  the  acid  is  a  minend  acid  makes  this  circum- 
stance moiT  retrKtrkable,  allhoui^h  other  instanr^es  of  a  similar  kind  luv  known; 
for  ex:imple,  Dolium  galea,  a  mollusc,  secretes  a  salivary' juitx*  containing  free 
HjSO^  and  free  HCl.  When  and  how  the  HCl  is  formed  in  the  stomach  la 
still  a  subject  of  investigtUion.  HLstohigir'ally,  attempts  have  Ikkmi  made  to  show 
that  it  is  produ<xtl  in  the  border  cells  of  the  |>eptic  glautls  in  tlje  fundic  end 
of  the  stomach  (see  Secretion).  It  cannot  be  said,  however,  that  the  evidoiioe 
for  this  the<^)ry  is  at  all  convincing ;  it  can  be  accepted  only  provisionally. 
Ingenious  eftbrts  have  l>een  made  to  determine  the  place  of  production  of  the 
;id  by  micro-chemiod  metho<ls.  Substance  that  give  color  ivactions  with 
acids  have  been  iuject/'d  into  the  blood,  and  sections  of  the  muoous  membrane 
of  the  Htomtich  liave  then  Ijeeu  made  to  determine  microscopically  the  |>art  of 
the  gastric  glands  in  whiili  the  acid  is  prodnc<xl ;  but  beyoml  proving  that  the 
acid  is  formed  in  the  mucous  membrane  these  e^cperiments  have  given  negative 
results,  the  color  reaction  for  acid  occurring  throughout  the  thickness  of  the 
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membrane.*  The  chemistry  of  the  production  of  free  HCl  also  remains  unde- 
termined. No  free  acid  offiirs  in  the  blaixl  or  the  lympli,  and  it  follows,  there- 
fore, that  it  is  manufacturrtl  in  tho  .stH-rt'ling  cells.  It  is  quite  evident,  too, 
that  the  source  of  the  acid  is  the  neutral  chlorides  of  the  blood ;  tliese  are  in 
some  way  decorapo-icd,  the  chloriue  uniting  with  hydroj^ento  form  HCI  which 
is  turned  out  upon  the  free  surface  of  the  fitoinach^  while  the  basii  remains 
behind  aud  ]>robuljly  ptisses  hack  into  the  blinwl.  The  latter  pari  of  the  pro- 
cess, the  pas^ige  uf  the  Uuse  into  the  blood-current,  enables  ua  to  explain  in  part 
the  facts,  noticed  by  a  number  of  observers,  that  the  alkalinity  of  the  blood  is 
increased  aud  tiie  acidity  of  the  urine  is  decreasc^l  after  meals.  Attempts  to 
express  the  reaction  that  takes  place  in  the  decomposition  of  the  ehluritles 
art'  >till  t»H»  tlu'c^rclical  ti>  morit  nii«x*i'  than  a  brief  mention  in  a  b<H)k  of  this 
cliuracter.  According  tu  Ilcidcnli;iiii,  tlic  cells  secrete  a  free  organic  acid, 
which  tlu  [I  acts  u(>on  and  dcconijwses  the  chlorides.  According  to  ^Maly, 
the  1K1  is  the  result  of  a  reaction  between  tlie  plios])lmtcs  and  the  cldorides 
of  the  bloo<l,  as  expressed  in  the  two  following  etpiations: 

NaHjPO,  +  NaCl  =  T^a^HPO,  -f  H(1 ;  or, 
SCaClj  -f  2Na,!Il\),  ^  Ca,(PO,),  -f  4NaCi  +  2HC1. 

A  recent  theory  by  Lieberniann  supposes  that  the  mass  action  of  the  CX>, 
formed  iti  the  tissues  of  the  gastric  muc<ius  membrane  n{>ou  the  chlorides, 
with  the  aal  of  a  uuclet>-all>umin  of  aciil  jiroperties  that  can  be  isolated 
from  (he  gastric  glands,  may  atrount  for  the  produetiou  of  the  HCL  Although 
it  is  customary  to  siK'ak  of  the  HCl  as  existing  in  a  fi-ee  state  in  the  gastric 
jui<«<!,  certain  dtilereuees  in  reaction  Im'Iwccu  this  sctTeiioi]  nnd  aqueous  solu- 
tions of  the  same  acidity  liave  letl  to  the  suggestion  that  the  HCIj  or  a  part  of 
it  at  least,  is  held  in  some  sort  of  t*oiubinalion  with  the  organic  (proteid)  con- 
stituents of  the  secretion,  so  that  its  j>rr>pertics  nw.  nuKliticil  in  sumc  minor 
points  jast  as  the  pr*)perties  of  bieinoi^lobin  are  uKxIified  by  the  combination  in 
which  it  is  held  in  the  corpu?*eles.  Tfie  differences  usually  descril>eil  are  that 
in  the  gastric  juice  or  in  mixtures  of  HCl  and  proteid  tbe  acid  docs  not  dialyze 
nor  dislil  oif  so  readily  as  in  simple  aqueous  solutions.  The  i^K'ptones  and 
proteoses  formed  during  digestion  seem  to  <tonibine  with  the  acid  very  readily 
— so  much  so,  in  fact,  that  in  certain  eases  specimens  of  gastric  juice  taken 
from  the  stomaeh^  although  they  give  an  acid  n'Jiction  with  Iitnuis-|>ii|H'r,  may 
not  give  the  special  ct>lor  reactions  for  free  minend  acids.  In  such  cai^c*^,  how- 
ever, the  acfd  may  still  he  able  to  fulfil  its  i>art  in  the  digestion  of  proteids. 

Nature  and  Properties  of  Pepsin. — Pepsin  is  a  tyjiiral  protroly  tic  enzyme 
that  exhibits  tbe  striking  |voculiarity  of  acting  otily  in  acid  nietlia ;  hence 
peptic  digestion  in  the  stomach  is  the  result  of  the  combined  action  of  pepsin 
and  HCl,  Pcjisin  is  influcncetl  in  its  action  by  temperature,  as  is  the  case  with 
the  other  enzymes  ;  low  trnip'raturcs  retard,  and  may  even  sus|>cnd,  its  activity, 
while  high  temjx^raturcs  increase  it.  Tlie  optimum  temperature  is  stated  to  be 
from  37°  to  40**  C,  while  exposure  for  some  time  to  80°  C.  results,  when  the 

■  Fmnkel :  Pfiuge^a  Arehirfur  Hit  gcMimmtePhiftioiogiet  1891,  H<l.  48,  S.  63. 
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pe|i^iii  b  in  a  moist  ooiulition,  in  the  total  dastrnotion  of  the  enzyme.  Pepin 
ban  never  l>een  isolated  in  siifBcient  purity  for  satisfactory  analysis.  It  may  Imj 
extraotod,  however,  from  the  gastric  mtirons  memlirane  by  a  variety  of  metliods 
and  in  diiferent  deprrees  of  purity  and  strength.  The  commercial  preparations  of 
pepein  consist  usually  of  some  form  of  extract  of  the  gastric  mucous  membrane 
to  which  starch  or  cuparof  milk  hn?i  Ixvn  addend.  IjalK>ratory  pix'parations  are 
usually  made  by  mincing  thoroughly  the  niucoua  membraue  and  tlien  extract- 
ing for  a  long  time  with  glycerin.  Glycerin  extracts,  if  not  too  much  dihtted 
witli  water  or  bhxnl,  kwp  for  tin  iiulcHuito  time.  Purer  pre|)arations  of  pepsin 
have  Ijcun  made  by  what  is  kuown  as  "  Brucke's  method,"  in  which  the  mm*ou9 
membraue  i.s  minced  and  is  then  self-<lige!!ited  with  a  5  per  cent,  solution  of 
plKwphoric  acid.  The  jihosphoric  acid  is  jm-cipiiatcMl  by  tlie  addition  of  lime- 
water,  nml  the  |M?psin  is  «»rrie<l  drmn  in  the  tloecnicnt  pnt-ipitate.  Tliis  pi-e- 
cipitate,  after  lieing  wa^Iied,  is  carrie<^l  into  solution  by  dihite  hydi'ochloric 
acidf  ami  a  solution  of  cholesterin  in  alcohol  and  ether  is  added.  The  cholcs- 
terin  is  precipitated,  and,  \\n  Ix-fore,  carries  down  with  it  the  pepsin.  This 
precipitaro  is  coIt(H!tetl,  carefully  washed,  and  then  tresU*;*.!  repeatedly  with 
etiier,  which  dissolves  and  removes  the  cholesterin,  leaving  the  pepsin  in 
aqneou:^  solution.  Tiiis  method  is  intorestiug  not  only  l>ecause  it  gives  the 
purest  form  of  [M'^in,  but  also  in  that  it  iflusirtUes  oue  of  the  properties  of 
this  cnzynjc— namely,  the  readiness  with  which  it  mlheres  to  precipitates  occur- 
ring in  it.s  solutions.  Po|>sin  i  1  lust ratts  very  well  two  of  the  general  properties 
of  enzymes  that  have  bet-n  dL-scribe^l  (p.  liHl):  first,  its  action  is  incomplete,  the 
accumulation  of  the  priMlucts  of  digestion  inhibiting  further  activity  at  a  certain 
stage;  and,  secondly,  a  small  amount  of  the  jx'p»fin,  if  given  .suflicieut  time  and 
the  proper  conditions,  will  digest  a  very  large  amount  of  proteid. 

Artificial  Gastric  Juice. —  In  studying  |>eptic  digpsti*)n  it  is  not  necessary 
for  all  purposes  to  establish  a  gastric  fistula  to  get  the  normal  secretion.  The 
active  agents  of  tlie  normal  jiiice  are  [>e[>ain  and  acid  of  a  pro|>er  strength  ;  and, 
as  the  pe|win  can  be  extnwtwl  and  prcs4^'rveil  in  various  ways,  and  tlie  HCl  can 
OBsily  be  made  of  the  pr«:>per  strength,  an  artificial  juice  can  l)e  obtained  at  any 
time  which  \m\\  be  used  in  place  of  the  normal  secretion  for  many  pur])oses.  In 
lalwratory  ex|x*riment9  it  i?  customary  to  employ  a  glycerin  extract  of  the  gastric 
mucous  meml>raDe,  and  to  add  a  smidi  portion  of  this  extract  to  a  large  bulk  of 
0.2  |)er  cent.  HCL  The  artilicial  juice  thus  made,  when  kept  at  a  tem|X'rature  of 
from  37°  tu  40°  C,  will  digest  proteids  rapidly  if  the  jwepanition  of  jMiji^in  is  a 
good  one.  While  the  strength  of  the  acid  employed  is  generally  from  0.2  to  0.3 
]»er  cent.,  digestion  will  take  place  in  solutions  of  greater  or  less  acidity.  Too 
great  or  too  small  an  acidity,  however,  will  retard  the  process;  that  is,  there  is 
for  the  action  of  the  |K'|win  an  optimum  acidity  which  lies  s»imewhcre  between 
0.2  and  0.5  j>er  cent.  Other  acids  may  be  use<l  in  place  of  the  HCl — for  example, 
nitric,  phosphoric,  or  lactic — altljougli  they  are  not  so  effe<'tive,  and  the  opti- 
mum acidity  is  ditferent  for  each ;  for  phosjthoric  acid  it  is  given  \\s  2  |K'rceut, 

Action  of  Pepain-Hydrochloric  Acid  on  Proteids. — It  has  l»een  known 
for  a  long  time  that  solid  proteids,  such  as  Ixuied  (;gg$,  when  ex|>used  to  the 


292 


AX  AMf':/iICAN   TEXT-BOOK   OF  PHYfilOLOGY 


action  r>f  a  nomial  «r  nii  artifirial  j^ustrit:  juuf,  swx'll  ii]>  ninl  cveutually  jiass 
into  solutirin.  The  .soltihle  protoid  thus  formed  was  known  not  to  be  eoaga- 
InU'd  hy  heat ;  It  wn*^  roniarkaMe  also  ior  In^iiy:  inoro  diflTdsiljlo  than  other 
forms  of  si>liil)]o  proteids,  and  was  fiirthor  t'lmmetfrizeii  by  certain  jxjsitive 
and  negative  reactions  tliat  will  be  dosmlied  move  explicitly  farther  on. 
This  ond-pro<liirt  c\£  digi'.siion  was  formerly  dos<rnl>e<l  as  a  sohible  proteid 
with  properties  fittinsj  it  for  rnpi*!  absnrptivm^  and  the  name  oi*  pcphnr  wna 
g;iven  tn  it.  It  was  quirkly  found,  hiiwever,  that  the  piTKH^Ks  was  complicated 
— that  in  the  conversion  to  su-ralleJ  **|K;[itone"  the  proteid  under  digestion 
passed  thronf^h  a  nnniher  of  iutermalialc  stuire-s.  The  iiiterme<liate  pnxlucts 
were  juirtiully  i.s<flutrd  and  wen^  given  s[HM-i(i(:  names,  such  :ui  iuhi-aibumin^ 
parapeptone,  and  propeptone.  The  two  latter  names,  unfortunately,  liave  not 
always  been  used  with  the  siin\e  nieiniinjj  In*  uutliurH,  and  latterly  they  have 
fallen  somewhat  into  disuse,  ahhouiijh  ihey  are  still  fre<]uently  employed  to 
indicate  some  one  or  other  of  the  intcnnetliate  rttaf^es  in  the  formation  of  |>ep- 
tones.  Tlie  most  roniplelo  invf.>ttigntion  of  the  protliiets  of  peptic  digestion, 
and  of  proteolytic  digestion  in  j^^neral,  we  owe  to  Kilhiie  and  to  those  who 
have  followwl  alon^j;  the  lines  he  laid  down,  nmong  whom  may  l>e  mentioned 
Chittenden  aiul  Ncumeister.  Their  wurk  has  thrown  new  light  up^tn  the 
whole  subject  an4!  j»as  deveh>|Ktl  a  n(:*w  nomenehUnre.  In  our  aocounc  of  the 
process  we  shall  adhen'  to  the  vi(*ws  and  t(  rminology  r>f  this  school,  as  they 
seem  to  be  genei:ally  luKijitetl  in  mot^t  of  tlie  recent  literature.  It  is  well, 
however,  to  add,  by  way  of  ^-autinn,  that  investigations  of  this  character  are 
still  going  on,  aiid  tlie  views  at  pre/sent  acvepte<l  are  lial)le,  therefore,  to 
changes  in  detail  as  our  experimental  knowledge  increases.  Without  giving 
the  historirnl  ilevelopnient  of  KiihneV  iheury.  it  may  be  said  that  at  present 
the  following  step-i  to  peptic  digestinn  have  Iwen  descrilwd :  The  proteid 
acted  upon,  whether  soluble  or  insoluble,  is  converted  first  to  an  acid-alhuniiu 
(see  Chemicid  se^'tion)  to  which  llie  name  Hyjtionhi  is  usually  iriven.  In  arti- 
iiciul  digestiiais  the  solid  proteid  usually  -^uciis  first  fi-oni  the  action  of  the 
acid,  and  then  slowly  dissolves.  Syntonin  has  the  general  jtntperties  of  acid- 
albnniiiis,  of  which  jiropfTtics  the  most  cluinu'trrrstic  is  that  the  albundn  is 
precipitated  u]m)U  neutr.ilizing  tin*  snlutittri  witli  dilute  alkali.  If,  in  I  he  begin- 
ning of  a  pcpti<'  digestion,  the  litpiiil  is  nciUniliy.^'d,  a  more  or  less  abuntlanl 
precipitate  of  syntonin  will  form,  the  (piantity  depi'nding  n|>on  the  stage  of 
dig<'stioii.  Svntonin  in  trn*n,  under  the  influence  ui'  the  pepsin,  takes  op 
water  and  undergne.-^  hyiinilyti*'  cleavage,  with  tin*  formation  of  scvt-nd  M>ln- 
ble  pniteids  known  together  as  i^rimary  alLunwHi^M  or  proteoses}  Each  of  these 
proteids  again  tnke^  up  water  and  undergoes  cleavage,  with  the  ftuniation  of 
a  second  set  of  solul>le  proteids  known  as  Kccondary  prntcotten^  in  contradi.s- 
tinction  to  the  pnmaiy  proteoses,  but  to  wldcli  the  specific  name  of  detUeio- 

'  The  term  protfotn  U  nsed  br  some  snttiora  in  place  of  llie  nlder  name  aJhumonf,  na  it  hu  a 
more  creneral  sit'iiiticanoe.  Act^jnling  to  this  iiBoge  the  imnie  tilbumotv  is  given  to  ihe  proteoaeo- 
fomiPil  fmm  alhnmin,  f/'iAi(/'Mr  |o  ihiise  formed  fn»ni  globulin,  etc.,  vUWe  protrose  is  a  geoerml 
term  applying  to  the  intcnnetliate  products  from  any  pruleid. 
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proteosea  is  given.  Finully,  the  dciitero-protoose,  or  more  properly  the 
<KMiten>-pi*oleose9,  again  undergo  hyclroIyti<!  c'lwivafre,  with  tlie  forniiitloii  of 
w!mt  are  known  tm  j^fones.  Peptic  digestion  can  go  no  larthor  than  the 
formation  of  |K»ptoneft,  Itnt  we  slinU  find  later  tliat  otiier  proteolytic  enrymes 
(trypsin,  for  example)  an.'  capahle  of  s|)lRting  up  a  |iart  of  i\\v  jH-ptones  still 
further.  The  fact  that  trypsin  can  act  ujwn  only  u  {wrt  of  the  peptone  sliows 
that  this  latter  siibsUince  i.s  eitiier  a  mixture  of  at  least  two  sejMirate  altl)oagh 
t'U«ely-n*latetl  peptones,  to  wliich  the  names  of  ttnti-iiej)fo7W.  and  hani-pijAtme^ 
have  been  given,  or  it  is  a  ^-oinpimnd  containing  sui-h  henii-  and  auti-  ^:rou|)6, 
and  c-apahle,  under  the  action  of  tryi)sin,  of  splitting,  witli  the  formation  of 
henn'-^icptoue  and  and-jM'ptoue  (Neumeister).  If  we  c<jnsider  |>eptic  digestion 
■lone,  this  distinction  i.s  nnnw(!SHary.  The  Ihial  produet-s  of  pi'ptic  digf^tion 
are  therefore  ^iM'keii  of  ^^uaI]y  simply  as  i>eptoii(s,  althongli  the  name  ampfio- 
pcptone  ia  also  frequently  uscfJ  to  emphasiz*^  the  fa<"t  that  two  distinct  varieties 
of  jM'pfone  are  possiljly  prc^M-ni,  ThiH  disrriprion  of  the  steps  in  prjitic 
dige^ti1m  may  be  made  uinrv  iiilelligible  l>y  tlie  iiillowing  hclienm,  whirh  is 
nioditied  somewhat  fnuii  that  given  by  Neumeiater:* 

Thi>  eompai'urivfJy  simple  sehcma  must  not  be  rog:inicd  as  final.  It 
seems  tpiitr  pmbalih-  tliat  ftirtiirr  study  will  show  that  the  process  of  splitting 
h  m(»re  CLUnplicati^d  tliun   \s  heiv  R'prestmted,^  but  provisionally,  at  least,  it 

'  Kuiiitt^'s  full  tlieory  of  pnjteiilrtic  digestion  asttiimes  that  the  uriginul  pnHeiii  molecule 
eonloinsiwo  Momic  grouiia,  (he  hemi-nnd  the  anti'grcMif).  PrtiteolyticeDzymcft  split  the  mole- 
cule GO  as  to  give  n  hetiii-  ami  an  nnti-  com|>niin't.  each  of  which  prunes  through  a  proteose  staga 
into  its  own  peptone.     A  condenaeti  acliema  nf  the  hypothetical  changes  would  he  ns  follows: 

Proteiii. 

I 


Anli*alhumose. 

I 
A  nti -peptone. 


H«mi<fllbumo6e. 

I 
Ileiui-fieptune. 


Ampho-fieptoiie. 

In  die  detailed  description  of  proteolyuiH  (fiven  aljove.  primary  and  semndarv  proteoses  are  pre- 
■umably,  according  to  this  schemu,  mixtures  in  varying  proportionii  of  hemi-  and  ami- com- 
pounds, or,  in  nttier  wordti,  they  are  aropho-proteosea  No  good  way  of  <4epnrating  the  anti- 
from  the  hemi-  cinnpounds  has  been  discovered  except  to  digest  theni  with  trypsin.  By  this 
Deans  each  com|)ound  w  convertctl  to  lis  proper  peptone,  and  by  the  continued  action  of  the 
trypsin  the  hcmi-pcpiuiie  is  split  into  much  mnipler  hodieiifp.  3U3),only  anti-|>C'ptJine  being  left 
in  solution.  The  ctnicepiiun  of  a  proteid  niolccul«  with  hemi'  and  anti-  KrotifNt  nnd  the  splitting 
into  hemi- and  &nti-all>iitii<»ie  in  mainly  an  inference  l»ai>kwnnl  from  the  fact  that  therc^art*  two 
distinct  peptones,  one  of  which.  hcmi-{)eptone,  h  acted  upon  by  try{isin.  while  the  other  i»  not 
•n  acted  u|Hm.  Tlie  d^taiU  of  the  splitting  of  the  pnDleid  imder  the  InHnence  of  )ie|inin  arc  Mtill 
further  complicated  by  the  fact  that  in  Honiecnne^  a  part  of  the  proleid  reni»in.«  undissolved,  form- 
inga  highly  rcMistant  substance  to  whirh  the  name  antnlhumid  ban  been  eiven.  tt  has  been  shown 
ttiai  if  thiasobsianoe  is  dissolved  in  sodium  carl>onatc  and  then  submitted  to  the  action  of  trypsin, 
only  anti-peptone  is  formed,  indicating  that  it  contauiB  none  of  the  hemi- group.  In  fact,  tht;  prof>- 
erticMof  nnlal  humid  show  that  it  isapecidiar  mo<iificntion  <>1'  the  anti- group  which  nmy  ariM*  dur- 
ing the  cleavage  of  the  pnHcid  uinlei'ule,  and  may  vary  greatly  in  quantity  iodiHcreoidigestiona 

'  f^krbwk  dtr  \J\y*u^o<ji»ekrn  fft^-wnV.  1893,  j*.  187. 

'Consult  Zunz:  ZeiUiekriJt  Jur  ph^Mohgitthe  rArmiV,  Bd.  28,  R  132;  nnd  Pick,  Ihid.,  K.  219. 
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may  be  used  to  indinile  tlie  geneml  nnture  of  tho  process  and  to  bIjow  Bome 
of  the  important  details  thiit  seem  U>  be  detfrmined. 

Proleid. 


Svnionin. 


De  u  lero-proteose. 
Peptone. 


(Primary  proteoses)    =»  Prolo-proteose.  Hetero* proteose. 

(Secondary  proteoses)  -  Deuteroproleose. 

(Ampho-peptones)      =         Pepioue, 

According  to  this  st-lioma,  (>e[Hic'  digestion,  aftter  the  jivutooiu  Btage,  oousists  iu 
a  sutrccssioii  of  hydrolytic  ch'avugcs  whcn^by  solnble  jiroteids  (proteoses  and 
peptones)  are  produced  of  smaller  and  smaller  moleeular  weights.  It  is  possi- 
ble, \)^  (.oiii^e,  that  the  steps  ir;  this  prix'cs.s  rn;n'  he  mon.'  imnierous  than  thorn 
repifsetitLil  in  tlic  .^liorna,  but  ttie  gcuenil  nature  of  the-  changes  H4'cnis  to  be 
established  beyond  question.  Moi'eover,  it  is  easy  to  understand  that  the 
prochicts  of  digestion  in  any  given  ease  will  vary  with  the  stage  at  which  the 
examination  is  niaile.  Sutticicntly  early  in  the  process  one  may  find  mainly 
syntonir^  or  syntonin  and  primary  prt>tci>seH  ;  later  the  sccfvndary  |>nitco>t»s 
and  peptones  may  occur  alone  or  with  traces  of  the  first  jiroiiiiets.  It  is 
worth  cmj^hasizing  also  that  in  artificial  dijj^cstions  with  pcjt.sin,  no  maltor  how 
long  tijc  action  is  allowed  to  go  on,  the  tinal  product  is  alwavrf  a  mixture 
(jf  p('])toncs  and  proteoses  (deutero-pn)teos(»).  Kvi-u  when  provision  is 
made  to  dfaly/c  otV  the  |K'ptonc  as  it  frirniH,  tliu?>  ^imnlatin;;  natural  tliges- 
tion,  the  liiud  result,  according  to  (..'hltlcndL-n  and  -Vmcrtnaii,'  is  still  a 
mixture  of  proteose  and  peptone.  The  extent  of  peptic  digestion  in  tJie 
ImhU'  will  be  spoken  of  presently  in  cotniection  with  a  rosnmd  of  the  phvsiology 
of  giLstric  <ligestion.  In  general,  it  may  Ik?  said  that  from  a  pln^iolngical 
8tand]x>int  the  object  of  the  wliole  process  is  to  get  the  proteids  into  a  (brra 
in  which  they  tan  Ik*  at»sorkM?d  more  lusily.  The  pri»jKTlies  and  reactions  of 
peptones  and  proteoses  will  be  found  stjitwl  in  the  Chemical  section.  It  may 
serve  a  useful  em),  however,  to  give  here  some  of  their  pro}>erlies,  iu  order  to 
emphasize  the  nature  of  tJie  chauges  caused  by  the  pepsin. 

Peptoiivs, — Tlie  name  "  ]icpt<nit^"  wu.s  formerly  given  Ut  all  the  pnxlucts 
of  peptic  digestion  after  it  had  passed  the  syntonin  stage — tliat  is,  to  the  pro- 
teoses as  well  OS  the  true  peptones.  Commercially,  the  word  is  still  used  in  thi» 
sense,  the  pn^paiiit  ions  sold  as  |M'ptone^  iMiingg^'ucndlv  mixtures  of  ]>rotci>ses  and 
peptones.  True  jMiptones,  iu  the  sense  usoil  by  Kiihne,  are  distinguished  chem- 
ically by  certain  reactions.  Like  the  proteoses,  tliey  are  very  soluble^  they  are 
not  precipit;ited  bv  heating,  and  they  give  a  red  biuret  reaction  {stv  Readions 
of  Profeiihf  Chenucid  sw-tiou).  They  are  disLinguislicil  from  the  primary  pro- 
teoses by  not  giving  a  pixvipitate  with  ai-etic  acid  and  potassium  ferrocyauide, 
and  from  the  whole  gi-oup  of  proteoses  by  the  fact  that  they  are  not  thiv>wn 
down  from  their  .sohilions  by  tlie  most  thorough  satumtioii  of  the  liquid  with 
ammonium  sulphate.  This  last  reaction  gives  tlie  only  means  for  tiic  complete 
*  Journal  of  Physiology,  1803,  vol.  xiv.  p.  4S3. 
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fleparaiion  of  the  peptones  from  the  proteoi«cs.  The  peptones,  imioecl,  may  be 
detioeil  as  Iwing  tlic  pn>iJucts  of  prr>teoly tic  digt.'stion  which  are  not  precipitated 
hy  Aiitdnttion  of  the  li^jMid  with  iminionium  .sulphate.  The  vidiility  of  tlii* 
reaction  Iuik  l>cen  called  in  question.  It  iia.s  been  jK»int<>d  out  that,  allhoiij^h 
the  primary  pniteoses  are  readily  precipitated  by  this  palt,  the  dcutero-pro- 
teose.s,  under  certain  cinninistances  at  leas^t,  are  not  precipitattvl,  and  cannot 
therefon?  he  liisthi^iiished  or  separated  fmm  the  so-called  "  true  peptones.'*  We 
mast  await  fiirthiT  investij^atuuis  henn-e  atteinptinjj;  to  come  to  any  HincIuHJon 
upon  thib  point.  It  is  well  to  bear  in  niiiid  that  the  chanj^e  fanu  ordinaiy 
proteid  to  peptone  evidently  takes  plat^'  tlirough  a  nunilKT *if  intermediate  steps, 
and  the  word  prptoiw  In  nieimt  to  ili'si^ntUe  ihi'  Ihiiil  priwluct.  Wliethcr  thi.s 
final  prtMluet  is  a  ehemtcal  iudiviihial  with  properties  sejHirating  it  fn>m  all  the 
intermwliate  stiige??  is  i-jerhaj^s  not  yet  fully  known,  Init,  pn)visionally  at  least,  we 
may  adopt  Kiihne's  deiiiiiticni,  tmtiintd  aiKJve,  of  what  constitutes  jH-ptone,  as  it 
seems  to  be  generally  accepted  in  current  literature.  Peptones  are  charaetenzed 
by  their  diflPnsibility,  and  this  prit[>crty  is  aI*o  posses.'^ed,  althou<rh  to  a  K^ss 
marker!  extent,  hy  the  jm^teoses.  Kcti-nl  work  by  Chittenden,*  in  which  he 
cfirroborates  results  pubJislKMl  sinniltancoit.-^Iy  by  Kiihne,  shows  the  following 
relative  diffusibility  of  |«*pton<:'s  anil  prMeosis.  The  Holutiorjs  n.s)»tl  were  a|»prox- 
imately  1  |Kfr  cent.;  they  were  dialyzcsl  in  |)iirchinent  tul>es  iigain(<t  running 
water  for  from  six  to  eight  hours,  and  the  hiss  of  substance  wus  determine*! 
and  expressed  in  Ipercentages  of  the  original  amount.  Hmto-proteiwc  gave  a 
loh8  of  5.09  jM'r  c*»nt.;  deuter(>-pn)te<)S4',  2.21  peret-nt. ;  jM'ptone,  11  percent. 
Retmiit. — In  ailditiun  to  |M*psin  the  jLf.istric  secretion  contains  an  enzyme 
that  is  characterized  by  its  cotagidatinjtr  action  uj»on  milk.  Tt  has  long  Ix^en 
known  thatnnik  iscnriih'<]  by  cnmiiiir  Into coiitart  witli  the  nuK-ons  nn'mbnuie 
of  the  stomarli.  Drictl  mucous  rm^^nibmne  of  the  calf's  stomach,  when  H(irre<l 
in  with  fn:>sh  milk,  will  curdle  the  latter  with  a^toni.shin^  rapidity,  and  this 
pro|>crtv  has  been  utilii'.cd  hi  tlicmanufactureof  cheese.  Hanimaristendiscovrred 
that  this  action  is  due  to  the  presence  of  a  specific  erizymc  that  exists  n-inly 
formed  in  the  membrane  of  the  sucking-calf's  stomach,  and  which  is  pii'sent 
in  a  prei>aratory  form  (rennin-zymogen)  in  stomachs  of  all  mammals.  This 
enzyme  has  l>een  given  sevcitd  names;  rnniin  seems  prcfrrable  to  anv  other, 
and  is  the  term  most  i-ommonly  empk»ywi.  I^'imin  imiy  be  obtained  fn>m 
the  stomach  by  selfnligcstion  of  the  mucous  membrane  or  by  extracting  it 
with  glycerin.  Such  extracts  usually  t\>ntaiji  Wh  [kc|>sin  and  renniu,  but  the 
two  have  tKX'U  8e|)«nited  successfully,  n»ost  cjisily  by  the  prolonged  action  tif 
a  temperature  of  40**  C  in  acid  K>lutious,  which  dtstroys  the  renniu,  but  not 
the  |K»piu.  CuK^l  extracts  of  rennin  cause  clotting  of  milk  with  grtMt  rapidity 
at  a  temperature  of  40°  C,  the  milk  (c<jw*s  milk),  if  undisturbed,  setting  first 
into  a  solid  clot,  which  afterwaid  shrinks  and  presses  out  a  clrar  yellowish 
liquid,  the  whey;  with  human  milk,  however,  the  curd  is  much  less  firm, 
being  dupoeitetl  in  the  form  of  loose  flooculi.  The  whole  process  resembles  the 
clotting  of  blood  not  only  in  the  su|H'rfieial  phenomena,  but  also  in  (he 
cliaracter  of  the  cliemical  changes.     Briefly,  what  happens  is  that  the  rennin 

*Jonmat  of  Pfixpfudo^,  18^.3,  vnl.  xiv.  p.  502. 
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acts  upon  a  scjJiible  proteul  in  the  milk  kiiown  usiiully  a**  crisetn^  Imt  by  same 
called  "  wisoiiiojjcii,"  ami  changes  this  protokl  to  an  inswjliible  modification  wliieK 
is  prepipitatoil  as  ihe  cnrd.  The  fijoniistry  of  the  change  is  not  completely 
understood,  and  there  is  an  unfortunate  want  of  agreement  iu  the  terminology 
used  to  designate  the  pnxhicts  of  the  action.  It  has  been  shown  that,  aa  in 
the  tuse  of  blood,  ninlling  cannot  take  place  unless  lime  salts  are  present.  Wbat 
FtM^niP  tn  od'ur  i.s  st<  folhiws:  Ciw^in  is  a  (Ninifih^x  snltstnntse  !)ch»nging  to  the 
grou[mt*  nuch:'0-pri>t<'ids,  and  when  artod  upon  by  renuiri  h  nndorgocs  liydro 
lytic  cleavage,  with  the  forniatioii  ol"  two  protend  bodies,  jxiraciLKe in  and  wliey 
protcid.  The  first  (>f  these  bodies  (bniis  with  ealfinni  sdts  nn  insnliibhM-oiu- 
potuid  which  is  ]ireeipil:il<-d  as  tiieciirdj  llie  si^cnml  remains  licbind  in  s<>lii- 
tion  in  the  wfuy.  It  shrndtl  be  added  that  casein  is  also  pn;ci]>itatvtl  from 
milk  by  the  addition  of  nn  excess  of  aeitl.  The  enroling  of  s<mr  milk  in  the 
formation  of  bonnyelablKT  is  a  well-known  illii*tnitiuii  ui^  this  fact.  When 
milk  stands  for  some  time  the  action  of  bacteria  upon  the  milk-sugar  leads  to 
the  formation  of  lactic  acid,  and  wlien  this  acid  reaches  a  certain  concentration 
it  eansi's  the  precMpitation  of  the  ciisein.  One  might  siippisn  that  the  curdling 
of  milk  in  tlie  stomach  is  caused  by  tlie  acid  present  in  the  gastric  secretion, 
but  it  has  been  sluvwn  that  perfectly  neutral  extracts  of  the  gastric  mucx)us 
membrane  will  cilrdle  milk  quite  reiidily. 

So  far  as  our  jxjsitive  knowledge  goes,  the  action  of  iviinin  is  confined  to 
milk.  Casein  constitutes  the  chief  pmtcid  constituent  of  milk,  and  has  there- 
fore an  important  nutritive  value.  It  is  intensting  1o  find  tfint  Ix^torc  its 
peptic  digesti*)n  iK'gins  the  (ii-sein  is  actiMl  upon  by  an  alfogrdiiT  dittertnit 
enzyme.  The  value  of  the,  cui-dling  action  is  not  at  once  apparent,  l>ut  we 
may  sn]»|)osc  that  (Tt^cin  is  nmrc  easily  digested  by  the  protet»lytic  enzymes 
after  it  has  been  brouglit  into  a  solid  form.  The  action  of  renuin  goes  no 
fiirthcr  than  the  curdling;  the  digestion  of  the  curd  is  carried  on  l)y  tlie  pep- 
sin^,  iind  later,  in  the  intestines,  by  the  trypsin,  with  the  formation  of  iimt^-uM's 
and  peptones  as  in  the  case  of  other  prot4'ids. 

Action  of  Gastric  Juice  on  Carbodydrates  and  Fata. — Human  gastric 
juice  itself  has  no  direct  uctiou  upon  carbohydrates ;  that  is,  it  does  not  con- 
tain Mil  arnyhtlytic  enzyme.  It  is  jK>ssib]e,  nevertheless,  that  some  digestion 
of  carliolivdrMtt's  goes  on  in  the  st^vmach,  for,  as  has  been  seen,  the  masticated 
fo4«l  is  tbortHigidy  mixed  with  saliva  before  it  is  swallnwed.  The  jxirtion 
that  enters  the  st(*rnaeh  in  tlie  beginning  of  digt-stioti,  when  the  acidity  of  the 
total  contents  is  small  (see  p.  281)),  may  continue  to  be  acted  upon  by  the 
ptyalin.  According  to  a  recent  author,'  the  gastric  juice  of  tlje  dog  contains 
an  amylolytic  enzyme  capable  of  acting  im  starch  even  in  the  presence  of  free 
IICl  (0.5  per  cent. J.  This  statement  needs  confirnuition,  |M'rhaps,  and  there  is  at 
present  no  evidence  of  the  existence  of  a  similar  enzyme  in  the  human  gastric 
secretion.  Tt  slundd  lie  added,  however,  thnt  Ltisk  *  has  shown  that  cane-sugar 
can  be  iuverKnl  to  dextrose  an<l  levulose  in  the  stnmaeh.  The  iiM|Mtrtance  of 
this  pnKTcss  of  inversion,  and  the  means  by  which  it  Is  aeeompljsheil,  will  be 

'  Friodenlhal:  Atrhiv^fur  /*Ayi»iWo./iV,  IHO'.i;  Sup|il.  Bd.  3S3. 
«Voit:  ZttUichriJt fur  Blo/oific,  IS9I.  IW.  xxviii.  S.  2«9. 
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de:^'ribo<1  mure  in  detail  when  Hpeakiiig  of  the  digestion  of  sugars  iu  the  dniall 
ititeslitic  (p.  son).  UjX>n  the  fats  also  gastric  juice  has  no  direct  digestive 
action.  Aceortling  to  the  l>cst  evidoiioe  at  hand,  noutml  fats  ure  not  split  in 
the  ^stoniooh,  nor  are  they  emnlHitieil  or  absijrlx^d.  Without  doubt,  the  lieat 
of  the  stomach  is  sufficient  to  lirpiefy  nnjst  of  the  fats  eaten,  and  the  move- 
mental  of  tlie  stomach,  together  with  l]u*  diyr^-stive  action  <if  its  juice  on  the 
proteids  an<I  allnitninoids  with  which  the  iats  are  often  mixed,  bring  ul>out 
»ueb  a  mcehauioal  mixture  of  the  fats  and  oils  with  the  other  elements  of  the 
chyme  jw  fhoilitales  the  iiiort'  ni|»id  digestion  of  tlicse  snlx^tanas*  in  the  inicsiine. 

Action  of  Gastric  Juice  on  the  Albuminoids. — Gelatin  is,  from  a 
nutritive  standpoint,  the  most  im|Kirtant  of  the  albuminoids.  Its  nutritive 
vnlue  is  slat<*d  bricily  on  jwgf?  277.  It  ban  lnvn  shown  that  this  substauw  is 
acted  upon  bv  pei>^in  in  a  way  practiniliy  idt^ntical  with  that  des«*rilxxl  for  the 
proteids.  lutenuLiliate  pnxhu'ts  aix'  foruKtl  -"^iiuilur  to  the  ulbunioses,  wliich 
profhicts  have  been  named  gdalose-^  ovtilnioMH;  these  iu  turn  may  be  oon- 
vcrtetl  to  gelatin  peptones.  It  is  stated  that  the  action  of  jK'|>sin  is  confined 
almost^  if  not  4'ntirely,  to  changing  gelatin  to  tlie  g<*l:it«KSc  stij^e.  Tlie  pnv 
teolytiu  enzyme  of  the  pancreatic  secretion,  however  carries  the  change  to  the 
pc|>tone  stagt*  nnioh  more  reiniily. 

Why  does  the  Stomach  not  Digest  Itself? — The  gjfstric  secretion  will 
readily  tligi^st  a  stomach  taken  from  some  other  animal,  or  under  certain  con- 
ditions it  may  digt^st  the  st<iiiiac*h  in  which  it  is  seci-eted.  If,  for  in-^tomv,  an 
animal  is  killeil  while  ii;  full  digestion,  the  stomach  may  nndorgo  fH^lf-digtw- 
tion,  es|)ociaUy  if  the  Iwidy  is  kept  warm.  This  phenomenon  has  l»eon  ol>serve<I 
in  human  r.ulaver^.  It  has  lx*en  shown  alnt  tbut  if  a  pirtiou  of  the  stoniucli 
is  deprivetl  of  its  cirt  ulatioii  by  an  emboIi?.in  or  a  ligature,  it  may  be  attnckcnl 
by  the  secretion  and  a  jK'rforation  of  the  slomaeh-wull  may  result.  How, 
then,  under  normal  conditions,  is  the  stomach  prototietl  from  corrosion  by  its 
own  secretion?  The  question  has  given  rise  to  much  discussion,  and  in  reality 
it  deals  Willi  one  of  the  fuiulameutal  properties  of  living  matter,  for  tlie 
same  question  must  be  extended  to  take  in  the  non-digestion  of  the  small 
intestine  by  the  alkaline  paufi\!i»tie  secretion,  the  non-digi'i>tiun  of  the  digestive 
tracts  of  the  invertebrates,  and  the  case  of  the  unicellular  animals  in  whieli 
there  b  formed  within  the  animara  protoplasm  a  digestive  secretion  that 
digests  foreign  materitd,  but  does  not  affect  tlie  livmg  substance  of  the  tt?!!. 
In  the  puilieular  case  under  consideration — namely,  the  protection  of  tlie 
mammalian  stomach  from  its  own  secretion— ^explanations  of  the  following 
character  have  been  oflercii :  It  was  suggested  (Hunter)  that  the  **  principle 
of  life"  in  living  things  protected  them  fix»m  digestion.  This  suggestion 
cannot  be  considcixHl  seriously  at  the  present  day,  sint^e  it  implies  that  living 
matter  is  the  seat  of  a  special  force,  the  so-i-alled  "  vital  principle,"  diflerent 
from  the  forms  of  energ}'  acting  u|M)n  matter  in  gtMiend.  Ap|H»als  of  this 
kind  loan  unkuowu  foroe  in  explanation  of  the  properties  of  living  matter 
are  not  now  permissible  in  the  science  of  physiology.  Moreover,  it  wa.H 
ahown  by  I^Tuard  ttnit  the  hind  leg  of  a  living  frog  intn>du<Ti)  into  a 
dog^s  stomach  through  a  tislula    undergoes  digestion.     The  Kune  thing  will 
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happen,  it  may  \ie  adiled,  if  the  lej^  is  put  into  a  vessel  containing  an  nrtiBcial 
gastric  juice  at  the  proper  temperature.  Bernanl's  theory  was  that  the  epithe- 
lium of  the  stomach  acts  as  a  protection  to  the  or^m,  preventing  the  al»soq>- 
tion  of  the  juice.  Othei's  believe  that  the  mums  fimnwl  by  the  gastric  niciu- 
brane  acts  as  a  protective  covering;  while  still  another  theory  hol<ls  that  the 
alkaline  blood  circulating  through  the  organ  saves  it  from  digestion,  since  it 
ncutnilizRS  (he  acid  of  the  secretion  as  fast  jus  it  is  alj8orl)ed,  and  it  is  known 
that  j>eptiin  can  digest  only  in  an  acid  me<Hum.  None  of  tliese  explunations 
is  sufficient.  The  last  explanation  is  unsatisfactory  because  it  does  not  explain 
the  imrnunitA'  of  \\\o  snmll  intcstinp  from  digestion  liy  the  nikidinc  paiH-i*catic 
juice,  or  the  protection  of  liie  infusoria  from  tlieir  own  digestive  secretiuD. 
The  mucous  theory  is  inadequate,  as  we  cannot  believe  that  by  this  means  the 
protection  tviuld  l>e  a:*  cf»niplete  as  it  is;  and,  mortHiver,  tills  thcurv  <l<x*s  not 
admit  of  a  generiil  application  to  other  case>,  Tlve  epiLla-liuni  iheury  simply 
changes  the  problein  a  little,  as  it  involves  an  explanation  of  the  immunity  of 
the  living  epithelial  cells.  It  is  well  known  that  in  the  dead  stomach  the 
epithollal  lining  is  no  longer  a  protection  aorainst  digestion,  so  that  we  are  led 
to  Ix'lievc  that  tliere  is  nothing  peculiar  in  the  compnsitiun  of  cpitlielial  cells, 
as  compared  with  other  tissues,  to  account  for  their  exemption  under  normal 
conditions.  When  we  come  to  ctmsicler  all  the  evidence,  nothing  seems  r'K-arer 
than  that  the  protcclittn  of  the  living  tis-^ue  is  in  every  <^ise  due  to  the  pro|M?r- 
ties  of  its  living  structure.  So  long  as  tlio  tissue  is  alive,  it  is  protected  frt>ni 
the  action  of  the  digesting  seci-etion,  but  tlic  ultimate  physical  or  chem- 
ical rujis<tn  (or  this  ])ro[HTty  is  yet  to  Vm^  4li.s<^ivenHl.  In  the  rase  of  the 
maninialiait  stomach  it  is  quite  probable  tlmt  tlic  lining  epithelial  cells  are 
e8|)ecially  nnxllfiwl  to  resist  the  action  of  the  digestive  secretion,  but,  as  has 
just  been  said,  they  lose  this  property  as  soon  as  they  undergo  the  change 
from  living  to  dead  structure.  The  digestion  of  the  living  frog's  leg  in 
gastric  juice,  and  similar  instances,  do  not  aflect  this  general  idea,  since,  aft 
Bernard  himself  pointcti  out,  what  happens  in  this  case  is  that  the  tissue  is 
fii'st  killed  by  the  acid  and  rlu-n  uridcrg<H's  digestion.  On  (he  otiu-r  hand, 
Neuraeister  has  shown  that  a  living  fmg's  I^  is  not  digested  by  strong  pan- 
creatic extracts  of  weak  alkaline  reaction,  since  under  these  conditions  the 
tissues  are  not  Injured  by  (he  slightly  alkaliiH-  liijnid.  When  it  is  sanl  tlmt 
the  exemption  of  living  tissues  from  self-silgestion  is  due  to  the  |}eculianlit^ 
of  their  slrncluiv,  it  nnisl  not  l)e  supi>osed  that  this  is  ciiuivaknit  to  referring 
the  M'hole  matter  to  the  action  of  a  mysterious  vital  force.  On  the  contrary, 
all  that  is  meant  is  that  the  structure  of  living  protoplasmic  material  is  such 
that  the  action  of  the  digestive  secretion  is  prevented,  possibly  licfuiisc  it  is  not 
absorbed,  this  result  U'lng  the  oulojnie  t»f  tlie  physical  and  r-hemical  forces 
exhibited  by  matter  with  this  |K?culiar  structure.  While  a  statement  of  this 
kind  is  not  an  explanation  of  the  facts  in  question,  and  indeed  amounts  to  a 
confession  that  an  explanation  is  not  at  present  |>os«ible,  it  at  least  refers  the 
phenomenon  to  tin*  action  of  known  pr^iM-rtics  of  matter. 

General    Remarks    upon    Gastric    Digestion. — From    the    for<*going 
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account  it  will  be  8et;n  timt,  Hix^akiu^  pciierallv,  tlie  iligf!?tive  iunctiuiis  of  the 
itoniaoh  are  in  |)art  to  act  cliomicjilly  u|k>ii  the  proteids,  and  in  part,  Iw  the 
<!aml)iniHl  action  of  its  eie^i-etJon  and  itfi  niu.s<ular  movements,  to  y:et  the  IVmkI 
into  a  physical  evDulititm  suitable  for  Hul)!^tH|iK*nt  dt^^tlon  in  the  inti^t^tiue. 
The  niatcrial  sent  out  from  the  fitoniHcli  (chynio)  must  l>e  tpjite  variable  in 
com|X)sitiou,  but  physically  the  action  of  the  t^tomacfi  has  l>ocn  such  as  to 
reduce  it  t*»  a  liquid  or  ^ietui-lifjiiid  consistency.  The  extent  of  the  (rue 
digestive  aetiou  of  gastric  juice  on  pixiteids  is  not  now  lH?licved  to  be  so 
complete  as  It  \va.s  (ortm-rly  thought  to  l»e.  Examination  of  the  chyme 
■hows  that  it  may  cont;iin  qujmtities  of  undigested  or  only  jMirtially  digested 
pr<Jteid,  complete  digestion  being  effceteil  in  the  intestines.  Moreover,  arti- 
ficial jK'ptic  diji^*s(ion  of  pmteids  mulrr  the  mi>st  favorable  coiulitions  shows 
that  only  a  portion  is  ever  convened  to  peptone.  Du»st  of  it  remaining  in  the 
proteose  stage.  It  has  been  suggestetl,  therefore,  that  gastric  digestion  of 
proteids  is  largely  pi"ejMir.!t()n'  to  the  more  cn»tn[»lele  iictioii  of  the  pancreatic 
juice,  whose  enzyme  (tiypin)  has  more  |>o\verful  prot^-^flytic  properties.  In 
accordance  with  this  idea,  it  has  been  shown  tliat  an  animal  can  live  ntid 
thrive  M'ithout  a  stomach.  Scvend  eusc^*  are  on  recortl  iu  wliicJi  llie  stomach 
was  practically  removed  by  surgical  opvi-ations,  the  M's<tpluigus  being  stitched 
to  the  duodenum.  The  aninuds  did  well  and  seemed  jjcrfcctly  uornml.  Kxj)er- 
iments  of  this  character  do  not,  of  course,  show  tliat  the  stomach  is  useless  in 
digestion  :  they  demonstrate  only  that  in  the  animals  use<l  it  is  not  absolutely 
essential.  The  reason  for  this  will  lietter  be  appreciated  ai\er  the  digestive 
pn>j)erties  of  pancreatic  secretion  have  been  studied. 

D.  Intestinal  Digestion. 

After  the  fiKwl  has  passed  through  the  pyloric  orifice  of  tlie  stomach  and  has 
enteral  the  small  intestine  it  undergoes  its  most  profound  digestive  changes. 
Intestinal  digestion  is  c:u*rii^^l  out  maiidy  while  the  fooii  is  jmssiug  through 
the  small  intestine,  allh*uigh,  as  we  shall  see,  the  pnxvss  is  completed  during 
the  slower  ))assage  through  the  large  intestine.  Intestinal  digestion  is  eflect<.Kl 
through  the  conibiue<1  action  of  three  sixTctious — namely,  the  pancreatic  juice, 
Uie  bile,  ami  the  intistinid  juice.  The  three  secretions  act  together  ujKin  the 
food,  but  for  the  sake  of  clearness  it  is  a<lvlsable  to  consider  each  one  separately 
as  to  its  pnqiertirs  and  its  digestive  action. 

Composition  of  Pancreatdc  Juice, — Pancreatic  juice  is  the  secretion  of 
the  [Mincrcntic  gland.  In  man  the  main  duct  of  the  gland  opens  into  the 
du<xienun),  in  common  with  the  bile-<luct,  about  8  to  10  cm.  below  the  o]x.'ning 
of  the  pylonis.  In  some  of  the  other  mammals  the  arrangement  is  different: 
in  dogs,  for  example,  there  are  two  dncts,  one  opening  into  the  duodenum, 
together  with  the  biltMluct,  alnrnt  3  to  5  cm.  Ik'Iow  the  o()ening  of  the 
pylorus,  ami  one  some  3  to  5  cm.  farther  down.  In  rabbits  the  principal 
duct  o|>ens  se|Kirutely  into  the  duo<lenum  al)*>tit  35  era.  below  the  o)>ening 
of  the  bile-duct.     F<»r  details  as  to  the  act  of  secretion,  \\s  time-relations  to 

'  Ui<lwig  and  OgHU-  Arthir  fur  Anat^mit  nud  Phytfuthgi^^  1883,  8.  89;  ftixl  CarTsUo  uid 
Pju.'liun  ;  Ardtivr*  de  Ph^iotogie  nontutU  ti  patholwjiquc,  1894,  p.  JOG. 
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the  iiigestiou  of  food,  its  quiiiitily,  vU\,  tlie  ira^lcr  is  it'feri'CHl  to  the  sootioii  on 
Secretion,  ilost  of  our  exact  knowI«lge  of  the  proj)erties  of  the  pancreatic 
flecretioii  hns  lieen  olitaincfl  either  from  exiKriinenta  U{>ou  lower  animals, 
especially  tlie  dog  and  the  rabbitj  in  whif^li  it  is  |)ossihh*  to  (*tiabli.sh  a  pan- 
creatic lietula  and  to  collect  the  normal  juice,  or  from  cx|>oriments  with  arti- 
ficial ]>ancreatic  J"tce  prcparc<]  from  extmcts  of  iJie  gland.  Various  niethoiis 
have  been  used  in  making  pancivntic  fistulip  :  usually  the  main  duct  of  the 
ghind,  which  in  tl)e  two  unitualn  uumeil  is  separate  from  the  bile-duct,  is 
exposed  and  a  wmula  is  hiserted,  A  better  method,  devised  by  Heiderdiain, 
consists  in  cutting  out  the  piece  of  (hindtnum  into  which  the  main  duct  o|>en8 
and  sewing  tliis  i.solat<^'<l  pici'c  tti  tlic  iilKlnininal  wall  m»  :ls  to  make  a  permanent 
fistula,  the  continuity  of  the  intesthial  tract  in  this  case  being  re-established, 
of  couTse,  by  sutures.  A  simple  mctfio<l  t»f  obtaining  narninl  pnnci*eatic  juice 
frivni  (ho  nibbit  is  dcscriba]  by  Katt-bford/  In  liis  mctliml  the  prtrtion  of 
the  duodenum  into  which  the  main  duct  opens  is  resectc<l  and  cut  ojwn  along 
the  Imrder  opjiosite  to  the  mesenteric  attachment.  The  month  of  the  duct  is 
seen  as  a  small  papilla  pnijtx'ting  from  the  surface  of  the  mucous  membrane. 
Through  the  papilla  a  small  glass  cnnnla  may  be  passctl  into  the  duct,  and  the 
secretion,  which  Hows  sh)wly.  may  be  collcc(f?<l  for  .seventl  Iiours.  The  total 
quantity  ohtainahh-  by  this  means  from  a  rabbit  is  small,  but  it  is  sufficient 
for  the  ilrmonstnition  of  some  of  the  imjMirtant  pnijMTties  of  jKuicrcatic  juice, 
espet'ially  its  action  n|Mm  fats.  As  obtained  by  these  meth(MJs,  the  secretion 
is  found  to  be  a  dear,  colurlfss,  alkaline  litjuid.  The  se<'retiou  i>blaintHl 
from  dogs  is  thick  and  glairy,  and  ibrnts  a  coagulnm  upim  istanding, 
while  that  from  rabbita  is  a  thin,  perfectly  colorleiis  liquid  which  does  not  form 
a  dot.  In  dog>*  the  secretion  from  a  pcriimueiit  fjstu!a  s*k>u  l»ccomes  thinner 
than  it  was  when  the  fistula  was  fii'st  establisiiied,  and  this  change  in  its  oou- 
sistency  is  aecompatiied  by  a  conxispouding  variation  in  specific  gravity',  The 
specific  gravity  (dog)  nf  the  juice  from  a  temporary  fistula  is  given  at  1030; 
from  a  permaucut  fistula,  at  1010  to  1011.  The  scci-etion  coagulates  \\\¥m 
being  heated,  owing  to  the  proteids  held  in  solution,  and  it  nndcrgo<^«  putre- 
faction vei*)'  quickly,  so  that  it  cannot  Im?  kept  for  any  length  of  time.  The 
analysis  of  tlie  secretion  most  frequently  quottnl  is  that  given  by  C.  ISchmidt, 
as  follows : 

Pnnrrtiitic  Jitife  (Dog), 


Consttiuenu. 


(Water 

1  Solids 

Organic  substaooeD        

Ash 

Sodium  carbonate 

Sodiuni  chloride 

Calcium,  magneeiuin,  and  sodium  phtMphatcs 


Initne41ftt«>ly  after 
establish  Inir  flatuta. 


900.76 
99.24 
90.44 
8.80 
0.58 
7.35 
0.53 


From  pi'rmftnunt 


The  connxjsition  of  normal  human  panci^eatic  juice  has  not  been  determined 
€omplet4*ly,  owing  to  the  rarity  of  op|Mjrtunitics  of  obtaining  the  secretion, 

*  Amcriciin  Journal  of  Physiotoyy,  1809,  vol.  H.  p.  483. 


CHEMISTRY   OF  DKIESTJOX   AND   XUTRITJON.  301 

Several  jtnrtml  analynos  have  Wn  rejmrlocl,  Awymling  to  Z:i\viulHky,*  the. 
cunipoHitiou  of  thr  Htrrt^tioii  iti  a  young  woiuan  was  as  fuUows: 

In  1000  parts. 

Water SW.ft'i 

Organic  MibBtanoes 132.ol 

Proieiila ^IM 

Salts 3.44 

The  orgaiiio  sultstaiifes  lu'l<l  in  the  se<.'ivtt<»n  are  in  part  of  an  allM!tninou9 
natiin?,  since  tlicy  cimj^ulut*'  ii|mhi  lieatiujj:,  but  i\w.  exact  nature  tif  ilic  nr«tei<l 
or  proteicU  \\bb  not  been  determined  sati^ructorily.  The  most  iFU{K»rtant  of  the 
organic  •substances — tlie  esseiilial  <'on>titui.'Uts,  intlwHl,  of  the  whole  secretion — 
are  three  enzymes  acting  resiK-^'tiveJy  npoa  the  pruteiiL-j  the  ciirbtihydnites, 
and  the  fats.  The  proteolytic  enzyme  is  called  "trypeiu;^'  the  amylolyiic 
enzyme  is  descrilnMl  unch-r  ilitlcrcut  names:  "amylojwiin"  is  ]>erhaps  the  l)est, 
and  will  l>e  aihtptcd  in  this  section;  for  the  fat-splitting  enzyme  \vc  ?*iiail  use 
the  term  "sreapsin."  Owing  ro  the  piv^^'uce  u^  thew  enzymes  tlie  pancivatie 
secretion  is  ca|iahle  of  exerting  a  digestive  action  upon  each  of  the  three  im- 
portant classes  of  fcwxi-stufl's.  It  is  said  that  the  |>;incrcatic  jnicc  4-nutains 
^\y*t  a  coagulating  enzyme,  similar  lo  rcnnin,  capaitlc  ai'  cnrdiiiig  ntilk. 

Tnrpein. — Tr\'|jsin  is  a  more  powerful  pntteolytic  enzyme  than  |x*]win, 
Unlike  the  hitter^  trvfisiTi  arts  licsl  in  alkaline  inctlia.  but  il  is  I'lFcctivc  also  in 
neutral  liqiiitls^or  even  in  solutions  not  i<k>  strotigly  acid.  Trypsin  is  atf'wtiil 
by  clianges  in  tcmjH^niture  lik<'  the  (>(lier  enzymes,  its  action  \)q\u^  retarde<i 
hv  ctKiling  atnl  liastcned  Uy  warming.  There  is,  however,  a  tcmf>cnitiire, 
tliat  niav  he  eulh'd  the  optimum  tcmjR'rature,  at  which  tlie  trypsin  a(*ts  most 
powerfully  ;  if,  however,  the  temperature  is  raised  to  as  nmch  as  70*^  to  80°  C, 
the  enzA'me  is  destroyed  entirely.  Trypsin  has  never  been  isolated  in  a  condi- 
tion &utfieiently  pure  for  analvfis,  so  that  its  chemical  composition  is  unknown. 
Extracts  contaiuing  trvfksin  can  be  made  fnaa  the  gland  very  eitsily  and  l>y 
a  variety  of  methods.  The  usual  laijoratory  method  is  to  mince  the  gland  and 
to  Ci>ver  it  with  glycerin  for  some  time.  In  using  this  and  other  nu*th(Kls  for 
preparing  tryjisin  cxiracts  it  is  Iwst  not  lo  take  the  jK-rfeetly  fix»sh  glaml,  but 
to  keep  it  for  a  number  of  hours  before  asing.  The  reason  for  tbitt  is  that  the 
enzyme  exists  in  the  fresh  ghmd  in  a  prc|Kinitor>'  stage,  a  zymogen  (sec  sec- 
tion on  Secretion),  which  in  this  «isc  is  uilh-d  *"  trypsinogen.*'  U|K)n  standing, 
the  latter  is  slowly  converted  to  trypsin — a  process  tliat  may  be  hastened  by 
the  action  of  dilute  aci*ls  an<l  by  other  means.  An  artificial  jmncreatic  juice 
is  pre|Mre4]  ur^nally  by  adding  a  small  (juantity  of  the  |>uncreutic  extract  to  an 
alkaline  liquid  ;  the  liquid  usually  cmjfloyed  is  a  solution  of  scKlium  earVM>nate 
of  from  0.2  to  0.5  [>er  cent.  To  prevent  putrefactive  changes,  whicli  come  on 
uith  Huch  readiness  in  pmiercatic  digestions,  a  few  drops  of  an  alcoholic  solution 
of  thymol  may  l^e  addeil.  A  mixture  of  this  kind,  if  kept  at  the  ]>ro[>er 
temjxfnUure,  digests  proteida  very  rapidly,  and  most  of  our  knowle<lge  of 
the  action  of  tryjisin  har*  l)een  obtained  from  a  study  of  the  products  of  such 
digestions. 

*  tyntmibiiUtfSr  Phy»iolotfie,  lit9l,  Bd.  V.  S.  179. 
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Pi'oducte  of  Tryptic  Diereetion. — Ti  v|>tic  digestion  resembles  peptic  diges- 
tion in  tliat  prote<>5Cs  and  jK'jitinus*  are  tl»e  rliief  products  foriucd,  but  the  two 
processes  differ  in  a  uuuilxjr  of  details.  The  nake<:l-eye  appearances,  in  the  fij"st 
place,  are  different  in  oiLses  in  which  the  prciteid  acted  upon  is  in  a  solid  form; 
fur  while  iu  tlie  jx'p.sin-hydrochloric  diget^lJon  the  proteid  swelLs  iij)  and  grad- 
ually dissolves,  under  the  netiou  oi'  trvpsiu  it  *loe.«  not  swjU,  but  suffers  erosion, 
as  it  were,  the  soliil  mass  of  protetd  iH'ing  c^aten  out  until  finally  *)nly  the  iuili- 
gestible  part  reuiaius,  retaining  the  sha{>e  of  tlie  original  mass,  but  falling  into 
fragments  when  shaken.  Iu  the  second  place,  tlie  hydrolytic  cleavages  seem 
to  be  of  a  more  intense  nature.  In  peptic  digestion,  after  tiie  syntonin  stage  is 
passed,  there  Js  a  gradual  change  to  peptone  through  the  intermeiliatc  primary 
and  secondary  proteoses.  Under  the  iiirtuence  of  trypsin,  according  to  the  most 
recent  experimeuts,  the  solid  proteid  undergoes  a  tr:insfurmation  directly  to 
secondar}'  proteoses  (dentero-proteoscs),  the  intermediate  stages  l>eing  skipped. 
It  wiMi  formerly  tluniglit  that  the  solid  proteid  was  ronvurtwl  first  into  a  sohible 
protcid^  and  tliat  If  the  solntiou  was  alkaline  some  alkali-albiunin  was  former!, 
precipitable  by  neutralization,  anil  conijiarnble  to  the  syntonin  of  |M^psin-hydro- 
chloric  digestion.  Tills  soluble  pniteid  was  thought  to  Ik?  split  into  |>roteoses 
of  the  hend- and  anti-  grou[^s  which  were  then  converted  to  the  ct)rres[M-m<ling 
peptou&<,  acconling  to  Kiiline's  s'_'heina  (p.  'li)-\).  There  seems  to  be  no  di*nbt 
that  with  the  proteid  most  frequently  uswl  in  artificial  digestion — namely^ 
fibrin  from  coagulatnl  hlofnl — the  fii-st  effect  is  a  conversion  to  a  soluble 
globuHn-Iike  fjjrm  4if  proteid:  lait  Ncunioister  finds  that  (his  dfies  not  Iiap|>en 
with  other  protcids,  and  he  thinks  that  in  the  case  of  tibrin  it  is  not  due  to  a 
true  iligcstivc  action  of  trvpsin,  bnt  to  a  partial  subition  of  tin*  fibrin  bv  the 
iuorg;iiuc  salts  in  the  llipud.  In  general,  1u»w*'V<t,  the  prelinnnary  stage  of 
a  soluble  proteid  is  missed,  as  also  is  that  of  thr  primary  pr*jteoses.  The 
]>rotcid  falls  at  once  by  liydrolvtic  cleavage  i]rt(^  dcutero-prot<'oscs,  and  these 
in  turn  an*  tmnsformcd  to  pe])toncs.  Just  at  tliis  |w>iiit  comes  in  imc  (tf  the 
most  rhiiraftcristii'  differences  between  the  action  of  pepsin  and  that  of  tryf>- 
sin.  Pepsin  <*annot  atVcct  the  peptones  further,  but  trypsin  may  act  upon 
the  suppos<'d  hrmi-conslitucnt  and  split  it  np,  with  the  forniatioTi  of  a  nnmlx^r 
of  nuich  siin|dcr  nitrogenous  btxlies,  most  of  wbieh  are  amidt^-acids.  The 
final  prmlucts  '«f  prolimgcd  tryptic  digestion  are,  first,  a  pt']>tonc  whieh  cannot 
further  be  ih-eoniposed  by  the  en/yiof  antl  wlnrli  rotislitnt^-s  whnt  is  known 
as  anii-peptoiir,^  and,  second,  a  uuiuImt  of  siiiijilcr  organic  substances,  anddo 

*  Iti  the  account  of  tryptic  dii^eetion  u  in  the  cnse  of  peiistn  llie  nomcndnlure  nf  Kiihne  is 
uHlitrel  lo.  It  fihotilil  \}C  «tated,  liowever.  that  «if  lute  yetirs  Hnme  doutit  linx  liei'ii  tlimwn  iii»on 
the  existence  of  tin  iiiili-pepione.  Sies:frie<i  (Arrhiv  jUr  Phjfinhfiir.,  1S94)  itoiililies  it  with  a 
\nn\\  to  which  he  Kiven  llie  name  carnicacid,  wtiile  Ktilsrlit-r  {  Zt  it.*i'hnfi  JTu-  phytfioittyiiwhf  Cktmir, 
\U\.  25)  finiU  that  anti-pepUme  prefiared  bv  KiihneV  nietliod  in  iit  Icnst  a  mixhire,  tfinctj  it  con- 
tains the  baM»  lysin,  arginin,  and  histidin.  If  it  should  iie  shown  that  whtti  hasi  been  cuUoil 
anti-peptone  is  not  a  peptone  at  nil,  tint  a  mixture  of  simpltr  l>odie8.  then  it  would  seem  that 
the  original  basis  ol'  Knline'A  theory  would  be  destroyed.  Ttiere  would  he  no  occaHioti  for 
t(up(Kising  the  exibteni-e  of  beini-  and  Hnli-^roiipingK.  Tlie  uenenl  M.'lit'ina  i)f  dif^tvlion  llint  lint* 
been  developed  by  tbi«  theory,  with  its  Klasjcs  of  pmtcotief?  and  peptone's,  wnnld  not,  liowever, 
be  interfered  with. 
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acid^  and  nitrojr<'ii«>u.s  hrises,  that  coiuc  from  the  ftplitting  of  that  jiart  of  the 
|M'|iToiK'  whirh  fan  he  act^nl  u]vni  hy  tlio  trv|>.-iin,  ami  wliioh  oonstitutos  what 
is  known  as  Itnni-^ji'jitone.  It  may  ho  n'niiirk*^!  in  |MLssing  that  honii-pcptone 
hns  not  \teen  i^Wnto^l.  Ainpho-|»L*ptunfs  coiitaiuinij;  hoth  unti-  and  hi'mi-pop- 
loni-is  an*  fnrmt^l  in  prptit-  flifr<'^tion,  an<I  tht*y  may  ho  uhtuiniMl  fn^m  trvjttir 
di^i^tion  if  it  is  n^it  ailmsi'*!  to  j^<>  Unt  far;  anti-|M'pt<>ne,  on  the  otiKT  hand, 
may  be  ohtaiued  fnun  tn'ptlr  digestion  wliivh  has  {mvn  |K*nnitte<l  to  po  on  until 
the  hc-nii-jM-ptoMc  has  hirn  conipli-ti'ly  tlt^strttyril,  hut  no  gixxl  inetlnMl  is  known 
by  which  hemi-ptjUont'  can  he  i.sol;it<'d  fruin  .st>ltiti<nis  containing  l)oth  it  and 
die  ami-  form.  The  prineipal  pnHhicts  formed  hy  the  hn^aking  up  of  the 
hemi-iM*ptone  moleeule  under  the  inrtuence  of  the  trypsin  ean  be  formed  in 
tile  laboratory'  l\v  pr<M*esses  that  are  known  to  eause  hydrolytic  decompohi- 
tions.  It  is  prul)alih\  tiierefore,  that  tliesc  snl»stainx's  may  be  looked  u|w:in  a8 
pn»duetjii  of  the  hydntlytic  cleavage  of  heini-peptone.  They  arc  of  8mnller 
mohfular  weiy^ht  and  of  simjih-r  structure  llian  thi;  {x-ptone  moh'eule  from 
whi«Th  they  are  fonneil.  A  talmhir  list  of  tliese  lj(Miii'«.,  niodifif^l  from  Gam- 
gw/  is  given.  Tlie  list  ineUah^s  only  those  t^uhstanees  that  have  actually 
been  isolated;    it  is  possible  that  others  exist: 

f^nnt  Pruditeiti  (olher  Ihan  Pepton*a)  of  the  Action  of  Dypnin  on  ABniminoiu and  A&«minoui 

Bodie*. 


BodJ«t<)<>Hrpi1  fVom  the 

Bam. 

Organic  bMy  of  unknown 

oompoaUlon. 

Aromatic  bod  lot. 

iRO-bntyl  amiHo-iicetlc 

T/V«in, 

Trrprophnn    f(itvc»   a 

Paroxrplien^vlaruidopro- 

aciil  (leucin). 

llrsiidiri. 

rni  ciAor  on  the  ad- 

pioinc  acid  (tvrottin). 

Ainitlo  -  vnlerianic    acid 

-Vr^iinii. 

ditioii    of    (-'hlnrinp- 

(bnUlantn). 

LvMifinin. 

wnt^r.     and      vicilvt 

Amido-«iicci!ii<:  acid  (as- 

Ml,. 

with  bromine-wnter). 

jmriic  acid). 

Atiiidii-pjrotartnrio  add 

^glutamic  acid). 

( Diamido-aoelic  mcid  ?) 

Of  these  nulxitanoeSf  the  onc^  longest  known  and  nioet  easily  isolated  are  lenein 
(QHijXOj)  and  tyn»in  (C,H„NOa).  The  chemical  eom)X)6ition  and  proper- 
ties of  thc^*  and  the  otlu-r  pmiluets  are  des<'rilMHl  in  the  Ch^-micid  i»eetion. 
Ijcuein  and  tvrosin  have  hfcn  llniml  in  \\iv  ennt<<nt.s  of  the  inti'stines.  and  it  ia 
probable,  theridbn*,  that  the  splittiufr  of  the  |»eptone  that  takes  phiee  so  niidilv 
in  artifieial  tryptie  digestions  tK'iMirs  alfK>,  to  some  extent  at  least,  within  the 
bfxlv,  althoiiirh  we  have  no  .-le^'iirate  estinuites  of  the  amount  of  |M^pU>iie 
destroyed  in  this  way  undrr  normal  eonditions.  On  the  sup|>ositi(m  that  the 
prmluctinn  of  leueiu.  tymsin,  and  the  other  simple  nitrop>nou8  iKidie^  is  ii 
normal  r<»*iult  of  tnptie  diir»*stion  within  the  l>ody,  it  is  int*'restinu  to  inquire 
what  phy^iohiji^ieal  value,  if  any.  is  to  be  attrihut4»d  to  thes*-  substanc'«s.  At 
fin^tsitifht.the  formation  of  thes*.*  simpler  b(Hlies  fn)m  the  valuable  peptone  would 
seem  t4i  be  n  wast*\  Peptone  we  know  may  Iw  abw<irbcd  into  thr  bhKKl,  nnil 
may  then  be  uswhI  to  form  or  re|>air  ]>roteid  tiH6ue,  or  to  furnish  enrrjry  to  the 

>  A  Texi4>ook  y  Mr  Phyniotoyinti  C%eml»trf,  y  (V  v4  n  itmU  fiw/y,  1 89S,  rol.  H.  p.  'iSO. 
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body  upon  oxidation,  bii*  Irui'in  ami  tyrosin  and  die  othtT  producU  of  the 
breaking  up  of  peptonu  are  far  loss  valuable  as  sources  of  energ)',  and  so  far 
as  we  know  they  eanuot  be  nsud  to  fonii  or  rt"|wir  protoid  tissue.  Kut  we 
must  be  careful  not  to  jutnp  too  bn.stiJy  to  the  eoufhisiou  that  the  splitting 
of  the  ]>eptone  is  useless.  It  remains  possible  that  a  wider  knowledge  of  the 
«ubje<'t  may  show  tliut  the  jiroei'sw  is  of  distinet  valu*^  to  tJit^  Ixwly,  although  it 
nuist  be  confesHOtl  that  no  plausible  suj^gotinn  as  to  its  iuipnrtunee  hab  yet 
been  luiule.  In  addition  to  any  possible  functional  value  wliich  these  amido- 
bwlies  and  nifrojrenous  bases  may  possess,  their  oceurrenee  in  proteolysis  is 
uf  immense  interest  to  the  physio]op:ist.  Some  of  them  arc  of  a  eonstitution 
simple  enough  to  be  studictl  by  exact  elieniieal  methods,  and  the  ho]>e  JH 
eutertainetl  that  throu^li  them  a  elearer  knowledge  may  be  oL»tained  of  the 
slrueturc  of  the  proteid  nioh-eule.  Jt  nliould  be  added  that  not  only  are  theee 
bodies  fouml  In  the  alimentary  canal  a«  protlucts  of  tryptic  digestion,  but 
that  they,  or  some  of  thera,  f>ccur  also  in  otlMT  parts  of  the  l>ody,  especially 
nnder  pathologieal  eomlitions,  and  that,  furthermore,  they  oeeur  amonj;;  the 
proibn'ls  (d'  the  destnu'tioti  of  the  pniteid  molecule  hy  laljonitoiy  metluxls  or 
by  the  action  <if  bact4'rial  orit^anisms.  The  diU'erent  ntap's  in  a  complete 
try|)tic  dijr«'Stiou  as  outliiuHl  above  are  represented  in  brief  in  the  following 
tw'heuia,  mmHiied  fnnn  Neumcisti-r  : ' 

Proteid. 


Deutero-al  b  uinoMs. 
T*epti)ne. 

Anli-peptoiie. 

Hemi -peptone. 

1 

Leiicin. 

t 
Tymsin 

1 
A^imnicacid. 

) 

It  may  be  sai<l  in  cf>n<']usron  that  tr^-psin  prrHbices  jieptone  from  proteids  more 
readilv  than  does  pei>sin.  Under  normal  (NiiHbtifms  it  ts  probable  that  most 
of  the  proteid  of  the  foml  receives  its  final  preparation  for  absorption  in  the 
small  inttstine,  under  the  influence  of  this  enzyme. 

Albuminoids, — Gelatin  and  the  4Jtlier  albuuiiuoids  are  acted  uptm  by 
tr)'p.sin,  the  pnxluets  beiiij;  similar  iu  genei*at  ro  those  ibrmcd  from  tlje  pro- 
teids.  As  stated  on  page  297,  pejisin  carries  the  digestion  of  gelatin  mainly  to 
the  gelutose  stage;  trypsin,  however,  pnduws  gelatin  ix^jHones.  It  seems 
proljuble,  tliereibre,  that  the  Unal  digestion  of  the  albuminoids  also  is  effected 
in  the  small  intestine. 

Amylopsin. — The  enzyme  of  the  jiancrearic  secretion  that  acts  u|Km 
starches  is  found  in  extnicts  of  the  inland,  made  according  to  the  general 
methods  already  given,  and  its  presence  may  be  demonstrated,  of  course,  iu 
the  secretion  obtained  by  establishing  a  i>anereatic  fistula.  The  proof  of  the 
existence  of  this  enzyme  is  found  in  the  fai;t  that  if  some  of  the  [laucreatic 
beca'tion  or  same  of  ihe  extract  td'  tlie  gland  is  mixed  with  starch  paste^  the 
'  Lthrbwh  dfT  phyfioiofffitrhen  Chrmtt,  1803,  S.  200. 
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starch  quickly  disappears  and  maltose  or  maltose  and  dextrin  are  found 
iu  its  place.  Ainylopsin  shows  the  ^Micnil  reactions  of  enzj'nies  with  rela- 
tion to  temperature,  inci^mpleteness  of  action,  etc.  Its  specific  R'action  is  its 
eflect  u|>on  at-irches.  Investt^tion  has  sliown  that  the  changes  *ainso<l  by  it 
in  the  starches  are  api>arently  the  same  as  those  prodnced  by  ptyalin.  In 
fact^  the  two  enzymi^s  ptyalin  and  amylopsin  are  identical  In  pro|K'rties  as 
far  as  our  knowlwlge  g»»e5,  «o  that  it  is  not  uuconiuion,  in  German  liter- 
ature esper'ially,  to  have  them  both  described  under  the  name  of  plyaiin. 
The  term  ttmifioftftin  \h  convenient,  however,  in  any  «if*e,  to  desij^nate  the 
B|Kvial  origin  of  the  pancreatic  enzyme.  A»  to  the  details  of  its  action,  it  is 
unnweftsar)'  to  iv|ieat  wtjat  has  been  said  ou  page  285.  The  end-pnxJnetfl 
of  its  action,  as  fur  as  cjin  l)c  determined  frtun  artifirial  digcstionn,  are  a  sugar, 
maltose  {C^Jll^O^^AlJO)^  an<l  tmne  4»r  Itass  of  the  interme<liate  achrooijextrins, 
tlie  relative  amounts  dc|>ending  ui)on  the  completeness  of  digestion.  As  has 
previously  been  said,  thei'o  ai*c  indications  that  under  the  favorable  conditions 
oi'  natural  digestion  all  the  staivli  may  be  cliangetl  to  maltose,  but  possibly 
it  is  not  necessary  tliat  the  action  should  be  so  complete  in  oitler  that  the 
carbohydrate  may  l>e  absorbed  into  the  blood,  as  will  be  shown  when  we  come 
to  sfiesik  of  the  fiirtbiT  aciion  of  the  intestinal  secretion  njK>n  maltost*  and  the 
dextrins.  The  aniylolytrc  action  of  the  jxint^reatic  juii-e  is  extit'nu'ly  ini|Mirt- 
ant.  The  sLirclic:^  constitute  a  large  part  of  our  ordinary  diet.  The  action  of 
the  saliva  upon  them  in  probably,  for  reasons  alreatly  given,  of  sulwrdinate 
imp«)rtance.  Their  digestion  taken  place,  therefon?,  entirely  or  almost  entirely 
in  the  small  intestine,  and  mainly  by  virtue  of  the  action  of  the  amylopsin 
contained  in  the  pancreatic  secretion.  The  action  of  the  amylojisin  is  supple- 
mented to  some  extent,  apjwirently,  by  a  similar  en/yme  formed  in  small 
quantities  in  the  intestinal  wall  itself,  the  nature  of  which  will  Ix;  descrilH^d 
presently  in  connection  with  intestinal  secretion. 

Steapain. — Steajisin.or  lijuisc,  is  tiio  name  given  toa  fat-s]>litting  enzyme 
occurring  in  the  jKUicreatic  juice.  It  is  t'f  the  grt»atest  impurtann-  in  (!ie 
iligcstion  and  absorption  of  fats.  The  [>eculiar  jwwer  of  the  |)ancreatic  juice 
to  si»Iit  nentnd  fats  with  the  liberation  of  frrc  fatty  acid  was  first  dewribed 
by  Hrrnanl.  His  tiis*^)vcr\-  has  since  Imm'U  corroborated  forditFcrent  animals, 
including  man,  by  the  use  o\'  normal  pancn*Htle  juice  obtained  fnjm  n  fi.stula, 
or  by  tlif  aid  of  the  tissue  of  the  fresh  gland,  or,  finally,  by  means  of  extracts 
of  ihe  gland.  When  neutral  fats  (see  Chemical  section  for  the  composition 
of  fats)  are  treated  with  an  extmct  containing  i4teu]isin,  they  take  up  water 
and  then  im<lergo  cleavage  (hydrolysis),  with  tlje  prtHliiction  of  glycerin  and 
the  free  fatty  acid  found  in  the  ]>articuhir  fat  used.  This  reaction  is  explained 
by  the  following  equation,  in  which  a  genmil  formula  for  fats  is  nsed: 

C,H.(C.H^..COO),+  3H,0  =  C,H,(OH),+  3{C.H^„COOH). 

F»t-  OlyoeriiL  Free  f«Uy  mold. 

e  reaction  in  the  case  of  i^almitin  would  be — 


C,H,(CV,H3,CXX3),^-3ILO 

l*almlUu. 
Vol..  I.— 211 


C,II,(OH),+  3(C„H3,CT>OH) 

OlywrUu  pAliuUic  acid. 
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While  this  action  is  undoubtedly  causal  by  an  enzyme,  it  has  not  been  possible 
to  isolate  the  so-called  "8tea|isin  '^  iu  a  condition  of  even  approximate  pnrity. 
As  a  matter  of  fact  also,  oi'diiiarv  fxtract.s  of  panfrn*aH,  such  as  tlio  lulMiratoiy 
exlmcts  in  glycerin,  do  not  usually  show  t!ie  pi-eseuce  of  this  enzyme  unless 
special  precautions  are  taken  in  their  preparation.  It  would  seem  that  steapsin 
is  easily  destmycnl.  With  iroAx  normal  jui*'e  or  with  pieces  of  fresh  pancreas 
the  fat-splitting  efUvt  can  be  deruoiistmted  ca-sily.  One  striking  method  of 
making  the  demonstnttion  is  to  use  butter  as  the  fat  to  l>e  decomposed.  If 
butter  is  mixed  with  normal  pancreatic  juice  or  with  pieces  of  fresh  pancreas, 
and  the  mixture  is  kept  at  the  hody-ternperalnrcj  (li(*  several  fats  <'ontainHl  in 
butter  Avill  Ik?  decompoxnl  aud  the  corresjxnulirjg  fatty  acids  will  be  liberated, 
among  them  but^'Hc  acid,  which  is  readily  recognized  by  its  familiar  oilor, 
that  of  ninciil  butter.  The  uoMoii  of  .steapsin,  as  hi  the  ftise  of  the  other 
enzymes,  is  very  much  iufluciiccd  by  the  tLMupemlure,  At  the  bfKly-iem|>er- 
ature  the  at^tion  is  very  rapid.  The  nature  of  the  fat  also  influeDces  the 
mpidtty  of  tlie  n-action  ;  it  may  be  said^  in  ireneral,  that  fats  with  a  hl^h 
mcltiii;^-point  are  less  readily  dctronijHvseil  than  (h(»se  with  a  low  lueltiug- 
poiut.  It  has  been  shown,  however,  that  even  spermaceti,  which  is  a  body 
relate<l  to  the  fats  and  whose  n^elting-point  is  53°  C,  is  <lecomposed,  although 
slowly  and  imperfectly,  by  steapsin.  The  fat-splitting  action  of  the  steapsin 
undoubtcflly  takes  yhwv  normally  iu  ilie  intestines,  but  it  is  (piestionalde 
whether  all  the  fat  (*jUen  undergoes  this  prm-ess.  In  fact.it  may  be  sai<l  that 
two  views  are  taught  at  present  regarding  the  *ligcstion  and  absor|)tion  of 
fats.  Accoiiiiug  to  the  oliler  view,  only  a  certain  small  proportion  of  the  fat 
undergoes  splitting,  or  saponification,  as  it  is  sometimes  ealli-d.  Tlx-  ivnuiiu- 
der  of  the  frit  becomes  emuisiRe<l  by  the  pi'oducts  (fatty  wv'wl^)  fnrmed  in  the 
split(iug,aud  are  absorbed  in  an  emulsified  eondilion  as  neiilnd  fats.  Accord- 
ing to  the  more  recent  view,'  all  the  fat  is  sup|M)Ked  to  be  ailed  ujKm  by  the 
stcjipsin.  willi  or  wllliout  previous  eniul>i  Kent  ion,  with  tin*  formation  of 
glycerin  and  fatty  acids.  These  two  piMxlucts,  tlie  latter  perhaps  in  part  as  a 
Boap  ff^rmed  by  reaction  >vith  the  alkaline  salts  of  the  intestine,  arc  absorbed 
in  stdution,  and  sidisLMpiently  are  re<'on»binctK  probably  in  the  sub>tance  of 
the  epithelial  cells,  to  form  a  neutral  fat  agjiin.  On  b(»t]i  theories  one  of  the 
fii-st  results  of  the  action  (d'  the  steapsin  is  the  formation  of  an  enuilston,  the 
value  of  which  on  tlu*  first  thcHJiy  is  that  it  brings  the  fat  into  a  form  in 
which  it  can  be  ingested  by  the  epithelial  cells  of  the  villi,  while  on  the 
second  tlu^jry  it  consists  In  the  fact  that  by  subdivitling  the  fal  gliii)u]es 
minutely  the  completion  of  the  process  of  saponification  is  hastened.  On  either 
view,  therefore,  cn»nKiiieation  is  an  iiiteresitng  preliminary  to  llie  absorption 
of  fat,  and  Si»me  dincussittn  *»f  the  nature  of  the  process  whmiis  to  be  demandeil. 
Emulsiflcation  of  Pate. — An  oil  is  emulsified  when  it  is  broken  up 
iJito  minute  irlobulos  that  do  not  coalesce,  Imt  remain  separated  and  more 
or  less  uniformly  distributed  throughout  the  niotliuTii  in  which  they  exist. 
Artilicjal  emulsions  can  be  made  by  shaking  oil  vigorously  in  viscous  solutions 
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of  soap,  mucLlage,  etc.  Milk  is  u  natural  emulsion  that  Bcparati*s  partially 
on  )%tumliii)7,  soiue  of  the  oil  rising  to  the  top  to  form  ci-eanj.  Bernai'd  nuule 
th<'  irup(>rtant  tlisoovery  that  whon  oil  anil  pancivntio  juiop  ar<?  shakon  tojrctlior 
ail  tMuulsioii  ol"  lilt*  uil  LaUi'^  place  vorv  rapidly,  es|»eoially  if  the  len»|)erature 
is  about  that  of  the  body.  The  main  cause  of  the  eniulstilitsition  has  l>eeii 
shown  In  be  the  fijnnation  of  frt'c  fatt^-  a<*ids  due  to  tlie  action  of  Ateaj^Ain, 
and  the  union  of  thfse  acids  witfi  the  alkaline  sidis  pn'sent  to  form  wja|)8« 
Thitf  fact  haii  l>eeu  demonstrattni  by  ex|)erinieut5  of  the  following  cimraeter: 
If  a  perfectly  neiUral  oil  i.s  shaken  with  an  alkaline  >i<»lution  {\  per  cent, 
8odium-oarl>onate  nolutiou),  no  eraulsion  occurs  and  ilic  two  liquidfl  .soon  s<!]mi- 
rate.  If  to  tiie  8ume  neutral  oil  one  ad<ls  a  little  free  fatty  acid,  or  if  one 
u*i4'8  rancid  oil  to  begin  with  and  shakes  it  with,}  |>er  cent,  sodium-rarUitiate 
solution,  an  emulsion  formn  nipitlly  and  remains  for  a  louj^;  tinu*.  Oil  w»n- 
taiiiing  fatty  acids  when  shaken  with  *listillcd  water  alon*'  will  not  p:ive  an 
emulsion.  It  has  been  shown,  moreover,  by  Gad  and  Ratchfonl  that  with  a 
certain  pew^ntaj^'  of  fixv  fatty  aridn  (oA  |mt  cent.)  r:\ncid  oil  and  a  sodiiini- 
carixinate  solution  will  form  a  tine  emulsion  sp(>ntanc<iusly — that  is,  without 
shaking.  Shaking,  however,  facilitates  the  emulsiHcation  when  the  amount 
of  free  acid  varies  from  this  optimum  |>ercenta^.  In  what  way  tlie  formation 
of  soaps  in  an  oily  liquid  causes  the  oil  to  become  enuilsitie<l  in  still  a  mutter 
of  Bpecuhition.  The  splitting  of  the  oil  into  small  drops  seems  to  be  caused, 
in  ejiaej*  of  .s|M>nlaneoii.s  etnnlsitieation,  by  the  act  (»f  f<»r!nation  of  the  «)ap — 
that  in,  the  union  of  the  alkali  with  the  fatty  aeiil — in  uther  eitses  by  the 
mei'hanical  shaking,  or  by  these  two  emises  cotnlnned.  The  application  of 
these  fact^  to  the  action  of  the  pancreatic  juice  in  the  small  intestine  is 
easily  made.  \\'hcn  the  chyme,  containinjr  more  or  less  of  liquid  fat,  comes 
into  contact  with  the  |>anereatic  jtiice,  a  part  of  the  oil  is  quickly  split  by  tlie 
steapsin,  with  tlic  formation  of  fre<>  fatty  acids.  These  acids  unite  with  the 
alkalies  an<l  the  alkaline  sjdts  present  in  the  secn'tions  of  tlic  snndl  intestine 
(jmnereatie  juice,  bile,  intestinal  juice)  to  form  soaps.  The  formation  of  the 
soaps,  aided,  perlmjw,  by  the  |)erj5taltic  movements  of  tlie  intestine,  emidsities 
the  remainder  of  the  fats  and  thus  prepares  them  for  absorption  or  further 
safNinitieaiion.  It  has  been  su^^'sted  that  the  proteids  in  solution  in  the 
pancreatic  juice  aid  in  the  emulsitication,  but  there  is  no  exjwrimental  evi- 
dence to  show  that  this  is  the  case.  A  factor  of  much  more  imjM>rtance  is 
the  intlnenee  of  the  bile.  In  man  the  pnneivatic  juice  iunl  the  bile  are  {xmnnl 
into  the  duiHleuum  together,  and  in  all  nianmials  the  two  secretions  are  mixed 
with  the  fiKKl  at  s<ime  part  of  the  duixlenum.  Now,  it  has  been  shown 
beyond  qtie>tion  tliat  a  mixture  of  bile  and  pancreatic  juice  will  cause  a 
splittiuj^  of  fats  into  iiitty  acids  and  glycerin  much  more  rapidly  than  will  the 
pancreatic  juice  alone.'  This  efleot  of  the  bile  is  not  due  to  the  prest»nce  in 
it  of  u  fat-splittini:  enzyme  of  its  own  :  the  bile  seems  merely  to  tavctr  in 
some  way  the  action  (»f  the  steapsin  contained  in  the  pancreatic  secretion. 

1  Xenckl:  ArfJiiv  fir  erpeiimmUlU  PuthtJoi/ie  u.  rkunaakoUMjit,  188fi,  Bd.  20,  a  307;  lUtofa- 
facd:  Journal  cf  Phytioto^^  189).  vol.  12,  p.  27. 
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Intestmal  Secretion. — Tin?  small  intestine  is  lined  with  tiil>ular  jrlands, 
the  crvpts  of  Lit'Uerkiihii,  tliat  are  supposed  to  form  a  Becrction  of  consid- 
erable importniioo  in  (]if;<\'sfion.  Trr  ohtaiii  the  iiitLstinal  setrivtic»ii,  op  inn*c}ut 
entericvit,  as  it  is  nften  (*a]kHl»  recourse  has  been  had  to  an  ingenion.s  operation 
for  estal^Ii>^hinp:  a  pernianeiit  intestinal  fistula.  This  operation,  which  usually 
goes  under  the  name  of  the  "Thirv-Vella  fistula,"  amsists  in  cutting  out  a 
HUiall  porlion  of  the  intfj^tiiie  witli(tut  injuriiiir  it.*^  supply  of  IjltHKl-vessels  or 
nervesj  an*!  then  sewinjj^  the  tvvr>  open  ends  of  thi^  piec^e  into  the  abdominal 
wall  so  as  to  form  a  double  fistula.  The  coiititniity  of  the  intestines  is  estalv 
lislusl  bv  sutiU'C,  while  the  isnlatt'd  ItHip  with  its  !"«•(►  opening  to  the  exterior 
ran  be  usetl  for  eojieeting  the  intfstijial  sei^retion  uneontaniinatetl  by  jmrtially- 
ditjestetl  f'xxl.  The  secretion  is  always  small  in  quantity,  and  it  must  be 
started  bv  a  stimulus  of  some  kind.  Aw.'orfliug  to  Rohmann/  it  varies  in 
qnantily  in  difleixMil  imrls  of  the  small  iuteistitie,  bfiug  very  scanty  in  the  iip|>er 
jMirt  and  more  abundant  in  the  lower.  The  intestinal  secretion  is  a  yellowish 
liquid  with  a  strong  alkaline  reaction.  The  reaction  is  due  to  the  presence  of 
S4)dium  carlj^Miat<%  the  quautity  of  which  is  about  0.25  to  0.50  per  r-ent.  The 
chemical  cfMuposition  of  the  secretion  has  not  been  sjilisfactorily  determineil, 
but  its  digestive  action  has  been  investigated  with  success.  Upon  proteide  aud 
fats  it  is  said  to  have  no  specific  action — tliat  is,  it  contains  neither  a  proteolytic 
nor  a  Jat-splitting  enzyme.  The  iH>ssible  value  of  i*s  scKliiini  (iirlxmale  in  aiding- 
the  emnlsifiaition  of  fats  has  been  referred  to  in  the  prece^Hng  [mragraph. 
UiH)n  carbohydrate's  the  secretiori  [las  an  im|>ortant  action.  In  the  tii-st  place, 
it-has  l:>een  shown  tliat  it  coutaius  an  amylolytic  enzyme  that  is  more  abun- 
dant in  the  upjier  than  in  the  lower  part,  of  the  intestine.  This  enzyme  doubt- 
less ai<ls  the  ainy!o|»sin  of  the  pancreatic  seci*ctir>n  in  c^^nvcrting  starches  to 
sugar  (malti^sf)  or  sugar  and  dextrin.  What  is  still  more  iiu{>ortant,  liowever, 
is  the  presence  of  inverting  enzymes  (invcrtase)  ca|iahlc  of  converting  <'ane- 
sugar  (saccharose)  into  dextrose  ami  levulose^  and  of  a  similar  enzyme  (mal- 
tiise)  cajMible  of  changing  maltose  to  dextrose.  Both  of  these  effVcts  are 
examples  of  the  conversion  of  di-Siiccharides  to  mono-saccharidt'S. 

The  di-saccharides  of  iuipi>rtanee  iji  digestion  are  tume-sugar,  milk-sugar, 
and  maltose.  The  first  of  the>je  fiirms  a  common  constituent  of  our  daily  diet; 
the  secund  wrnrs  alwavs  in  milk  ;  and  the  third,  as  we  have  sci-n^  is  the  main 
cnd-prodtift  of  the  digcstitm  of  starches.  These  substances  are  all  ninlily 
soluble^  and  we  might  expect  that  they  would  be  absorbed  directly  into  the 
bliN)*l  without  undergoing  further  change.  As  a  mutter  of  fact,  however,  it 
scorns  that  they  are  firet  diss4»ciate<l  under  the  infinence  of  the  sugar-splitting 
enzvnies  into  simpler  mon(»-sacrharide  compounds*  although  in  the  case  of 
lactose  this  statement  is  perhaps  not  entirely  justified,  our  knowledge  of  the 
fate  of  this  sugar  during  absorption  being  as  yet  incomplete.  According 
to  some  authoiN,  hictijse  is  al>si»rlied  unchange*!  (see  ('henji*'al  s(M'tion). 
The  general  nature  of  this  change  is  expressc<l  in  the  three  fnlli»wing 
reactions : 

^  Pfiwtti*»  Archie  far  die  ^mmmte  PhtpsiUoffie,  ISST,  Bd.  41,  6.  ilL 
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C»H«0„  +  H.O  =  C,H,  A  +  <^«H„Q 


Maltoiie. 


l>rxtru«e. 


C^H^O,,  +  H.O  =  C.H,.0.  +  C.H„0, 
C.,H„0„  +  H,0  =  C.H„0.  +  C.H„0, 


DextrvMto. 


LcvuloM. 


IJ^«* 


LiictoM.  Dcxtrmc.  Qftlutose. 

For  the  reactions  by  mrans  of  wliich  tliese  tliiforpiit  isdmerio  formB  of  pupar  are 
dUtiii^uislied  referenpc*  must  l>e  made  to  the  ('heini*-!!!  section.  The  final  stage 
in  the  artifif^inl  di^restion  of  starchps  is  the  formation  of  maltose  or  of  a  mixture 
of  maltofie  and  dt^xfrins.  Tn  f}]**  inttstiiu's.  however,  the  pnx^ess  is  carried 
a  step  farther  by  the  aid  of  the  sugar-splitting;  enzymes,  and  the  malto8e,and  ajv 
piirc'iitly the  dextrins al8o,are converted  intodextrose,  Accordingtothisdes{Ti|>- 
titiii,  all  of  the  stnrcli  is  final Iv  nlisnrUed  into  tlie  blotHi  in  tlje  iorrn  of  <lextrnse; 
and  tlii^j  concln^ii^n  tails  in  with  the  tacl  that  the  hiigur  found  norniaUy  in 
the  bloo<l  exists  always  in  the  form  of  <lexlr<)f*e.  With  refert'nce  to  the 
augur-splittlug  enzymes  fouu«l  in  the  small  intestine,  it  ehonid  be  added  that 
they  occur  more  abundiuitly  in  the  mneoiis  membrane  than  in  the  secretion 
it«clf.  Indeed,  the  seeretJon  is  ntirmaily  so  s<'anty,  osjK'cialiy  in  tiu-  upper 
part  of  the  intestine,  that  it  cannot  l*e  8up|K>sed  to  do  more  than  moisten  the 
free  surface,  and  it  is  probable  that  the  action  of  these  enz^-mes  takes  pla(« 
n[)on  t»r  in  the  nnicous  nii'iiibrani',  as  the  last  step  in  the  series  of  dip'stive 
changes  of  the  carbohydrates  immediately  prece<ling  their  ab8oqHi*>n. 

Digestion  in  the  Large  Inteetine. — Observations  n|>on  the  secretions  of 
the  lar^»  intestine  have  l»een  made  uimui  liuman  liein^s  in  eases  of  anus  pneter- 
naturalis  in  which  the  lower  portion  of  the  intestine  (rectum)  was  practiesilly 
ifiolatcd.  These  observations,  tojrtther  willi  th^ise  made  u|»«:m  lower  animals, 
unite  in  slunving  tJiat  the  s<'rnrti4jn  of  die  large  intestine  is  maiidv  eirmijtosed 
of  mucus,  as  the  histoltigy  of  the  raucous  membrane  would  indicate,  and  that 
it  is  very  alkaline,  and  prolmbly  contains  no  digt^tive  enzymes  of  its  own. 
When  the  contents  oftlie  small  intosrine  pass  through  the  ileo-ea*cal  valve  into 
the  colon  they  still  e<jntain  a  ^juaiitity  of  incompletely  digested  material  mixed 
with  the  enzymes  of  the  small  intestine.  It  is  likely,  therefore,  that  some 
at  lea^t  of  the  digestive  proce-sses  described  aliove  may  keep  on  for  a  time  in 
the  larg<'  intestine;  but  the  -^-hanges  hereof  most  interest  are  the  aliS4)r[»tion 
that  takes  place  and  the  bacterial  decomi>o8itions.  The  latter  are  desoril>ed 
briefly  below. 

Bacterial  Decompoaitionfi  in  the  Inteetines. — Ilacteria  of  diften^nt 
kinds  have  been  found  throughout  the  alimentary'  canal  fmni  the  mouth  to 
the  rectum.  In  die  stomneh,  however,  undiT  normal  conditions,  the  strong 
acid  n*action  piwents  the  aetttm  of  those  pntrcfaelive  bacteria  that  de<M)m- 
poBC  proiei4ls.  and  prevt-nts  or  greatly  n»tanls  the  action  of  tho«w  that  set  tip 
fennenlatiou  in  the  earbohydnites.  Under  certain  abnormal  ^ninditiona 
known  to  iw  under  the  gt'iieritl  term  of  difujwjmn^  bacterial  fermentation  of 
the  carbohydrates  may  l>e  pronounewl,  but  this  muHt  be  considered  as  j>j»tli- 
olofpcal. 
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In  tliG  (iinall  intestine  the  poorctions  x\n^  all  alkiilini-,  and  it  was  fonnerly 
takori  for  j^nintL-tl  tliat  the  intfstiiial  contents  are  nornmlly  alkaline.  If  this  were 
si>,  the  liiu'terin  woiilU  find  a  favondilc  i'nvirfmnieut.  It  was  supposi^l  that 
|nitrtfaetion  of  tlie  proteid?;  niiglit  oecurj  esporiully  (hiring  th4'  act  of  tryptic 
digestioHj  and  this  suppoeitioii  was  Ixmie  out  by  the  extraordinary  readine**8  of  ar- 
tificial paiieivalie  digestion^  to  micK'r;rj<i  pnfrt-fartion  when  not  jH-ot^Weil  in  some 
way.  Two  iiH-eiit  cjuses*  of  tlntula  of  tlie  iluiini  at  its  jniurlioii  with  l!ie  colon  ia 
human  beings  have  given  opportunity  for  exact  study  of  the  contents  of  the 
small  intestine.  The  r(?snlts  are  interesting,  and  lo  a  eortain  extent  are  opposed 
to  the  preennci^ived  notions  ;i.s  to  reaction  and  proteid  putrefaction  which  have 
just  been  stated.  They  show  that  the  contcM»t>^  of  the  intestine  at  the  |x>int 
where  they  are  about  to  pass  into  the  large  intestine  are  acid,  provided  a  mixed 
diet  is  used,  tlie  acidity  Ix-ing  due  to  organic  acids  (acetic)  anil  being  equal  to 
0.1  per  cent,  atvtic  acid.  Tlie^e  acids  must  liave  come  fritm  ibe  hactcrial  fer^ 
mentation  of  the  i^rb (hydrates,  and  a  tuimij^^r  of  bacteria  cjipuble  (»f  producing 
such  fermentation  were  is^ilatwl.  Tlie  pivwrhicts  of  bacterial  putrefaction  of  the 
]>rotc(ds.  on  the  contrary,  were  ahsi^nt,  and  it  has  l>een  suggcst<'d  tliat  the  aei*! 
reiietitm  |>rodneed  by  the  fermentation  of  the  carbohydrates  serves  the  useful 
purpose,  under  normal  conditions,  of  preventing  the  putrefaction  of  the  pro- 
teids.  With  reference,  therefore,  to  the  jwvint  we  are  discussing — namely,  tlie 
l)acterial  decomjMDsition  of  the  contents  of  the  intestines — we  may  conclude, 
U|Mm  thcevidoniH^  t'urnished  by  these  two  cases,  that  in  the  human  iK'ing,  wlien 
living  on  a  mixed  diet,  some  of  the  GirLohydrates  undergo  bacterial  decompo- 
sition iu  the  small  intestine,  but  that  the  proteids  an*  protected.  We  tuav 
further  sup|>ose  that  in  the  case  of  the  proteids  the  limits  of  protection  are 
easily  overstepjK^l,  and  tliat  such  a  condition  as  a  large  excess  of  proteid  in  the 
diet  or  a  deficient  al>sorptton  from  the  small  intestine  nniy  easily  lead  to  exten- 
sive intestinal  putrefaction  involving  the  pniteids  as  well  as  the  carbohydrates. 

In  the  large  inti-stine,  rm  tin-  contrary,  the  ulkalirn^  reaction  of  the  secretion 
id  more  than  >ufrici<ut  to  neutralize  the  organic  avids  arising  from  lennciitation 
of  the  carl>ohydnUes,  anil  tlic  reaction  of  the  contents  is  therefore  alkaline. 
Here,  then,  what  remains  of  the  [^rotcids  undergoes,  or  may  undcrg*^,  putn'fae- 
tiou,  and  this  proeeya  must  be  looke*.!  uprm  as  a  normal  occurrence  in  the  large 
intestine.  The  extent  f»f  the  barterial  actioti  u[M)n  the  proteids  as  well  as  the 
carb<)hyd rates  may  vary  widely  even  within  ifie  limits  of  health,  and  if  extxssive 
may  lead  to  intestinal  troubles.  Among  the  products  fitrniod  in  this  way,  the 
following  arc  known  t(»  occur:  Lcueiu,  tyrosiu,  and  other  amido-aeids;  indol ; 
skatol ;  phenols ;  various  meml)ei's  of  the  fatty-acid  scrie.-;,  such  as  lactic, 
butyric,  and  caproio  acids;  sulphurette<l  liydrogen ;  metliaue;  hydrogen; 
methyl  merraptan,  etc.  Stmie  of  iluse  ])roducls  will  be  described  more  fully 
in  ti^eadng  of  the  composition  of  the  feces.  To  what  extent  these  products 
are  of  value  to  tlie  Ixwly  it  is  difficult,  with  our  im|>crfect  knowletlgc,  to  say. 
It  has  Ix-en  pointc<l  out,  on  tlie  one  hand,  that  some  of  them  (skatolj  fatty 

*  Maffuydvn,  Xencki,  And  Sieber:  Archivf^r  aperimenUUi  Pathoiogie  u.  Fhwnmkvio^r^  1891* 
Bd.  28,  a  311  ;  Jakownki:  Arckiw*  <Ua  Sttienct*  hiaUHfiqueM,  St  I'eler*urg.  1892,  L  1. 


CHEMISTRY  OF  DIGESTION  AND  NVTRITION 


I 


CO,,  C'H,,  and  HjS)  promote  the  movements  of  the  intestine,  and  may 
vnhio  frfMii  this  staiuliMiint  ;  on  (he  other  hand,  some  of  thi'ni  at^e 
abeorlKsl  into  tlio  KUmnU  to  l>e  elimiimted  ajj;:ttiii  in  different  form  in  tht;  urine 
(indol  and  phenols),  and  it  may  l)e  that  they  are  of  imp^rtan*.*  in  llio  metal>- 
oltsm  of  the  FxKly  ;  hnt  eoncerning  this  our  knowleiJjje  is  deficient.  On  the 
whole,  we  must  U'lieve  that  the  iVwwl  in  its  passajre  throuj^h  tlie  alimentary 
canal  in  atied  y\\t\M\  mainly  by  tlie  digestive  enzymes,  the  »o-onllo<l  "  unorpin- 
ixed"  ferments,  htit  that  tlie  action  of  the  ImeftTia,  or  organized  ferments,  ifl 
rc!9*|KHi^ih1e  for  a  part  of  Hit*  chan}r*'s  that  the  f<HHl  nnderjj:j»es  Ix^fore  its  final 
elimination  in  the  form  of  feces.  These  two  kind^  of  action  vary  greatly 
within  normal  limits,  and  to  a  certain  extent  they  seem  to  be  in  inverse 
relatioiisliip  lo  each  otiier.  When  the  ^lijj^tivc  enzvmes  and  secretions  are 
deficient  or  ineflivtivo  lln-  field  of  a<"!ioji  t'»r  the  Imeleria  is  increasetl,  and  tliis 
■eenui  to  be  the  ca«e  in  s^nm-  patlKjlfigifal  conditions,  the  result  being  intes- 
tinal troubles  of  various  kinils.  The  liniitjs  tjf  normal  Kartrrial  action  have 
not  lM»en  worked  iiiit  satisfactorily,  but  it  is  eviih-nt  that  our  kiuiwhMljjc  of 
digestion  will  not  be  complete  until  this  is  aeconi}>nHhe<l. 

It  should  be  stattnl  in  <*onclusion  that,  howevi'r  cftustiint  and  iniportant 
the  oi^'eurrencc  of  bacterial  fermentation  mav  l>e  in  the  alimentary  ciirial,  it 
cannot  be  reganie<l  as  essential  t4>  the  life  of  the  animal,  since  Nuttatl  and 
Thcirfclder,*  in  a  scries  of  ingenious  experiments  ma<le  upon  newly-ljom 
guinea-pigs,  have  shown  that  these  animals  may  thrive,  for  a  time  at  least, 
when  the  entire  alimentarv  canal  is  free  from  Iwictcria. 


I 


E.  Absorption  ;  Summary  op  Digestion  and  Absorption  of 
THE  Food-stuffs  ;  Feces. 

In  tJie  preceding  se<'tions  wc  have  followetl  the  action  of  tlie  various 
digestive  secretions  upon  the  fixKl-stul!s  as  far  as  the  formation  of  the  sup|wif*d 
end-pro(lu<ris.  In  onler  that  these  pnxlucts  may  l>e  of  actual  nutritive  value 
to  the  Imh-Iv,  it  is  nccf^Kiry,  of  course,  that  they  shall  be  absorl»ed  into  the 
circulation  and  thus  bo  di»«tribut<.il  to  the  tif-sues.  There  xwa  two  jMw^ible 
routes  for  the  absorbed  protluotd  to  take:  they  may  pass  immediately  into  the 
blood,  or  they  may  enter  the  lymphatio  system,  the  so-called  ^MarteaL-^"  of 
the  alimentu'v  canal.  In  tlie  latter  case  tliey  reach  the  blootl  tinally  before 
being  distributed  to  the  tissues,  since  the  thoracic  duel,  into  which  tlie  lym- 
phati<s  of  the  alimentar>'  i-jniul  all  empiv,  ojmmis  into  \\w  bloitd-vas^'ular  system 
at  the  juuctiou  of  the  left  internal  jugular  aial  snl>clavian  veins.  The  sub- 
stances that  take  Uiis  route  arc  distributed  to  t-he  tissues  by  tlie  blood,  but 
it  is  to  be  noticxxl  that,  4nving  to  the  sluggish  flow  of  the  lymph-circulation 
(see  section  on  Circulation),  a  relatively  long  time  elajises  afler  digestion 
before  they  enter  the  bkxMl-curreut.  The  prmlucts  tliat  enter  the  blood 
directly  from  the  alimentary  canal  are  distributcil  rapidly;  but  in  this  case  we 
must  remember  that  they  first  jwiss  through  the  liver,  owing  to  the  existence  of 

»  Zeittekri/tfUr  phygiolo^uehe  Chetnie,  \m\  V^l  21 ;  18t»6,  Bd.  22,  and  1897.  Bd.  23. 
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the  portal  circulation,  l)efore  they  reach  the  general  cirenlation.  During  thU 
passitgc  thmu^L  tho  liver,  i^  \vc  Khali  find,  changes  of  the  greatest  iraptirtance 
take  place.  The  physiology  of  aUsorptioii  is  n)ni:erne*l  with  the  physif^al  and 
eheniiciil  intians  hy  which  the  cti<l-pnxhic{s  of  digc*?tion  are  taken  up  by  tlie 
blood  or  the  lympli,  and  the  relative  importance  of  the  stomach,  the  small 
iiitefltiuf,  and  the  larg^'  iutcstiiie  in  tins  pHK**^-^.  lii'avinq"  aside  the  fats, 
M'hoMj  absorption  is  a  siKK^ial  caste,  the  aljHirption  of  the  other  protlucts  of 
digestion  was  formerly  thought  to  l>e  a  simple  physicjil  pnx^'jis.  The  pnK'ess««» 
of  diffusion  and  osmosis,  as  thcv  arc  known  to  occur  otitside  the  boily,  were 
i?upposL'd  to  account  for  the  absorption  of  all  the  soluble  products.  This 
belief  is  still  heUl  by  many,  but  the  facts  known  with  rcganl  to  the  absorp- 
tion of  the  carliohyilratrs,  jvrotcids.  and  f:its  iiftcr  tlu'  chaujrcs  under^rone 
during  digestion  arc  not  wholly  accounte^l  liir  by  the  laws  of  diilusion  and 
osmosis  as  they  are  known  to  us  (see  p,  66  for  a  discussion  of  the  nature  of 
those  pnx'csses).  For  the  present  at  least  it  seems  to  be  necessary  to  refer 
many  of  the  phenomena  of  physiological  ahsfirption  to  the  peculiar  prop*Ttied 
of  the  living  epitiicliul  ctlls  lining  the  aliiocntarv  canaL  Suuc  of  the 
inipH>rtant  facts  reganling  absoii>tii»n  are  ns  follows; 

Absorption  in  the  Stomach. — In  the  stomacli  it  if*  jwsslblc  that  there 
might  be  alisorption  *if  the  following  substances  :  water  ;  sidts  ;  sugars  and 
dextrins  that  iririv  liiivi^  been  formed  in  sidivary  digestion  fn)m  starch,  or 
that  may  have  been  eaten  as  snrb  ;  the  proteoses  and  poptones  formed  in 
the  peptic  digestion  of  proteiils  <»r  albuminoid.-*.  In  addition,  absorption  of 
adublc  or  lii[uid  substant'cs — drugs,  ah-ohol^  i}U\ — that  have  been  swallowed 
may  occur.  It  was  formerly  assume*!  without  definite  proof  that  the  absorp- 
tion in  the  stonjacb  of  such  things  as  water,  siilts,  sug-ars,  and  jx'ptones  was 
veiy  important.  Of  late  ywkrs  a  luindx-r  of  actual  experiments  have  Ijeed 
made,  under  cnmditions  ns  lu^arly  normal  as  p(»ssible,  to  determine  the  extent 
of  absorption  in  this  organ.  These  ex|wn-imenit.s  have  given  uuex|>ected  results, 
showing,  upim  the  whole,  that  absor[»tion  d(K>f  uot  take  ]>lace  readily  in  the 
stomach — certniuly  uotliing  like  st>  easily  as  in  the  intestine.  The  methods 
made  use  of  in  tlu?se  ex|>erinients  have  varietl,  but  the  un^st  iutorcsting  n-sults 
have  l>cen  obtainwl  by  establishing  a  fistula  of  the  dnrKlenum  just  biy«in<l  the 
pylorus,*  Through  a  fistula  in  this  ptjsition  substances  can  be  introduced  into 
the  stomru'hj  and  if  the  cjirdiac  orilicc  is  at  the  siune  tiiiu^  shut  off  by  a  ligature 
or  a  small  baHoon,  they  tan  be  kept  iu  the  stomacli  a  given  time,  then  be 
removed^  and  the  changes,  if  any»  be  noted.  After  establishing  the  fistula  in 
the  duiHlenum  fo*jd  may  be  given  to  the  animal,  and  the  contents  of  the 
stomach  a.s  they  pass  out  ihrongli  the  fistula  may  be  caught  and  examined. 
The  older  nK'thtwls  of  intn>duiing  the  substantv  to  l>e  observe*!  into  the 
stomach  through  the  opsophagiis  or  through  a  gastric  fistula  were  of  little  use, 
since,  if  the  sulistauce  <lisap|x^ired,  there  was  no  way  of  deciding  whet  tier  it 
was  absorbed  or  was  simply  passed  on  into  tfie  intestine. 

Compare  von  Meniig:  VerhanSl,  da  Con^eMfs  f.  inrure  Mad.,  12,  471,  1893;  Kdlcine: 
Joumtil  of  Phjnotogy,  18Ui!.  vol.  13,  p.  445;  Braiidl :  Zcil9chrifl  hh-  Biotogie,  1892,  Bd.  2SK 
S.  277. 
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Water. — Experimeutsof  the  character  just  descriheil  show  that  water  when 
ikcn  alone  is  pnirtieally  not  absorlxnl  at  all  in  the  stomach.  Vuu  Meriug's 
"-lexperiuients  is*|KH.'ial ly  sliow  that  aa  soon  as  water  is  iutrotlueetl  into  the 
6toniach  it  begins  to  pass  out  into  the  intestine,  being  forced  out  in  a  series 
of  spirt"*  hv  the  contractions  of  the  stomach,  \^'ithi^  a  eonipamtively  short 
lime  pi-uctiually  all  tlir  wniv.r  win  be  recovered  in  tl»i:+  way,  none  or  very  little 
having  been  ab64)rl>ed  in  the  stomach.  For  e^caniple,  in  a  lai^  dog  with  a 
iutuUi  in  the  JuikK'Huiu,  51K>  cubic  centimeters  of  water  were  given  through 
the  mouth.  Within  twonty-tivc  minutes  495  euliii'  centimeters  had  been 
forced  out  of  the  ^*tomach  througli  the  duodenal  iii-tula.  The  result  was  not 
true  for  all  lit|uid>  ;  akohol,  for  cxamjilc,  was  ahs(>rbed  readily, 

SaUii. — The  aljsi»rpti(>n  of  salts  from  llie  stomach  has  not  lieen  investigated 
thomnglily.  Awt»riliii;j  (o  limndl,  stHliiini  iotliilc  is  abs<»rl»ed  very  slowly  or 
not  at  all  in  dihite  st>lutions.  Not  until  its  solutions  reach  a  concentration  of 
3  |)er  cent,  or  more  diK's  Itn  absorption  become  im[x>rtant.  This  result,  if 
applitnblc  to  all  tlie  s«»lublc  ini>ri:anic  suites,  would  indicate  that  under  ordi- 
nary oonditions  they  are  practically  not  absorbed  in  the  stomach,  since  it  can- 
not iye  8up|>ose<l  that  they  am  normally  swallowxsl  in  solutions  so  com^ntrated 
as  3  per  cent.  It  was  found  that  the  absorption  of  sodium  itKlide  was  very 
much  facilitateil  by  the  use  of  condimeutn,  such  as  mustard  and  pep|>er,  or 
ah'oliol,  whicl)  act  either  by  caur^ing  a  greater  congestion  of  the  muctfus  mem- 
brane or  perhajw  by  directly  stimulating  the  epitlielial  cells, 

Sugarn  and  Pepfonea. — Experiments  by  the  newer  raethotls  leave  no  doubt 
that  sugars  and  fieptones  can  l>e  alworl>e*i  from  the  stomach.  In  Von  Mering's 
work  different  forms  of  sugar — dextrose,  lact<>se,  sacchaix*se  (cane-sugar),  maltose, 
and  alsi>  dextrin — were  testtnl.  They  were  all  nbMjrbwl,  but  it  was  fciund 
that  alworption  was  more  marked  the  more  concentrated  were  the  solutions. 
Brandl,  however,  re}>orts  tliat  sugjir  (dextrose)  and  [H'ptone  wvi-e  not  sensibly 
absorlxxl  until  the  tN»rK'i^^ntratioii  hud  rwichetl  5  |Krr  cent.  With  these  sul>- 
8tam?cs  alstj  the  ingestion  of  condiments  or  of  alcohol  inerease<i  distinctly  the 
alisorptive  proces-es  in  the  stomach.  On  lliu  mIhiIc  it  would  seem  that  sugars 
and  peptones  are  aljsorbed  with  some  diihcuUy  fmm  tfie  stomach. 

Fats, — As  we  have  seen,  fats  undergo  no  digestive  changes  in  the  stomach. 
The  prrK'jCSHes  c»f  saponifi<*nti4in  and  r^imdsiKeatlon  iire  snp|M>Be<]  to  b<*  pre- 
liminary ste|>s  to  altsorption,  and.  as  these  pro(.a>jH's  t;ikc  plac*;  only  after 
the  fat.s  luive  reached  the  small  intestine,  tlierc  seems  to  be  no  doubt  that  in 
the  Htimiadi  fat;^  es<iifM*  absorption  entirely. 

Absorption  in  the  Small  Intestine. — The  soluble  pnHhiets  of  digestion — 
sugars  and  peptimes  or  proteoses,  as  well  as  the  NijNtniticd  and  emulsified 
fats — arc  mainly  absorlM>d  in  the  small  intestine.  This  we  shouhl  ex- 
pect from  a  mere  n  jtriorl  consideration  of  tlie  conditions  pri'vailing  in 
this  [lart  of  the  alimentary  canal.  The  partially-<ligest4nl  fotMl  sent  out 
from  the  sttmiach  meets  the  digestive  s<!cretion0  in  the  beginning  of 
the  small  intestine.  As  we  htiw  seen,  the  different  enzymes  of  the  jxin- 
ereatir  secretion  act  jMJwerfuUy  u|»on  the  tliree  iui|K>rtant  clashes  of  fotwl- 
Mufls,  and  we  have  every  reason   to   belitive   that  their   digestion    make« 
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rapid  progrons.  Tho  passage  of  tlio  food  along  tlio  t^niall  intestine,  althoiigli 
rnpiti  ronipnivd  with  its  piisr^igo  throiigli  tho  lar^  int<'.«tiiK%  roquirrs  a 
niiiiilxT  of  hourn  for  its  <'nTiipIrtit)ii.  Arc*ordin[r  to  the  observations  made 
upon  a  patient  with  a  fistula  at  the  end  of  (Jie  small  intestine,'  ftHtd  begins  to 
pass  into  the  large  inte-'^tinip  in  fnnn  two  to  five  aud  a  i]imrter  hours  after  it 
hiJi*  IxxMi  eaten,  mid  it  refjuirt's  friini  nine  to  tw<"ntv-tltree  hours  before  tlie  last 
|><»rtionjj  reaeli  tlie  end  of  tliu  small  itite.<tino;  this  estimate  inelndes,  of  ennrw, 
the  time  ia  the  stoniaeh.  During  this  pi-ogi-e^s  it  has  been  eonverted  for  the 
mofit  j^art  into  a  etmditioa  suitalile  for  nb>rirption,  arul  the  nuieoua  nioinhrane 
with  wliieh  it  irf  in  eonlaut  is  one  pei-uliurly  athipttnl  for  aUsorption,  sinee  its 
epithelial  surface  is  greatly  increai?ed  in  extent  by  the  vast  number  of  villi 
as  well  fl.s  by  the  numerous  large  filds  known  us  the  '*  valvulie  connivcntes." 
In  addition  to  these  eonsidei-ations,  hnwever,  we  have  abundant  experimentid 
proof  that  absiirptitKi  tnk^-s  platn?  ai'tively  in  the  small  iuli'siine.  The  alksorp- 
tion  of  fats  i'an  i)e  demonptrated  miero8et>pieally,  as  will  Ix*  de^rilieti  presently. 
Ex|>ennients  made  by  Hohniaiin^  and  others  with  isolated  loitps  of  intestine 
have  shown  tliat  pugai's  and  (tcptones  arc  absorlx'd  readilv  and  in  mueh  more 
dilute  polutions  than  in  the  stomach.  Moreover,  iu  the  tjoso  just  referred  to^ 
of  an  intestinal  fistula  at  the  eiul  of  the  small  intestine,  a  determination  of 
the  protoid  pn^w^iit  in  the  diwliargi^  fn^ni  the  fistula,  after  a  test-meal  contain" 
inga  known  amount  of  proteid,  showeti  that  about  85}>ercent.  had  disapi>cared 
— that  is,  luul  JM-i'n  absorlH^I  brt'ore  ivaehiug  the  large  intestine.  With  refer- 
ence to  water  and  salt*,  it  lias  lieen  shown  that  they  al-^-o  are  re;idily  alisorbed  ; 
some  ver\'  inteivsting  ex*[»erimentH  demonsti-ating  this  fiiet  Imve  l)een  reported 
bv  Heidenhnin.^  It  must  l>e  renu^mbered^  however,  that  under  normal  con- 
ditions the  absorption  of  water  autl  s;dts  is  more  or  less  eiirn]M'nsated  by  tlie 
Heeretiou  fiirnied  ahuig  the  length  of  the  intestine,  so  tiiat  when  the  contents 
nrnch  the  ilco-cBwal  valve  they  are  still  of  a  tluid  eonsistoney  similar  to  that 
of  tln'  rbvnic  wlicn  it  It'ft  the  stomach  to  enter  the  intestine,  A  consideration 
of  the  ini'chanisni  of  th<'  al)S(irpti«>ti  of  fats,  sugars,  peptones,  ami  water  will 
be  taken  up  presently,  after  a  few  words  have  been  saiil  of  absorption  in  the 
large  intestine. 

Absorption  in  the  Large  Intestine. — There  can  be  no  doubt  that  al»sorp- 
tion  forms  an  important  p^rt  of  the  function  of  the  large  intestine.  The 
c<in(ents  pas=^  through  it  with  gnat  slowness,  the  average  ihiralittn  being  given 
nsnallv  as  twelve  hi)ui's,  and  while  they  enter  through  the  llwj-ejtH-al  valve  in  a 
thiu  fluid  r-oiidition»  they  leave  the  rectum  in  ihe  form  of  nearly  solid  feee;*. 
Tliis  fact  alone  demtaistrates  the  extent  of  the  alworption  of  water.  As  for 
the  sugar  and  jx^ptoni-s,  exaiinnation  nf  the  intestinal  contents  as  tlicy  entered 
the  large  intestine  in  the  case  of  fistula  eitcfl  in  the  pref(?<ling  panigrajih 
showed  that  there  may  still  l>e  present  an  important  ]x;rcentage  of  pi-oteid 
(14  per  cent.)  and  a  variable   amount  of  sugars  and    fats — more   than   is 

*  Mnefailyen,  Nencki,  and  Sieber :  Arekivfiir  crperimenUlle  Palhologie  u.  Phai-makohgif,  1801^ 
IW.  28,  8.311. 

*  Pliii'f/s  Archivfiir  ttit  fft^Mwimte  Pht/itiolvgi<,  1887,  Bd.  41,  S.  411, 
»  iLi,  1894,  Bd.  50,  8.  6^7, 
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found  normally  in  the  feces.  Some  of  this  carbohydrate  and  proteid  under- 
goes destnielion  by  hiu'terijil  lU'tinii,  i\^  Ikjs  nlrtiKfy  l>eeu  explained  (p.  .'510), 
hut  some  of  it  is  al>f^>rb<x],  or  may  be  absorbc<i,  liefore  deeom  posit  ion  occurs. 
The  power  of  ahsfirption  in  the  large  intestine  ha^  been  atriklugly  demon- 
strated by  flic  fact  that  various  substances  injcclcii  into  the  rectum  are 
al)jforbetl  and  sutfia*  lo  nourish  tb*^  animal.  Enemata  of  thi??  ch;iractcr  are 
frecjuently  used  in  medinil  prac'tice  with  satisfactory  results,  and  careful 
experimental  work  on  Icnvcr  atiinials  and  on  men  under  crmditioiis  cai»able  of 
being  pro()erly  contifilletl  has  ("^jrrolKirate*!  the  results  of  metlit^l  exiMrienoe 
and  shown  that  even  in  the  rectum  al»*orpliiin  take;*  plar-c.  Without  giWng 
the  details  of  this  work,  it  may  be  said  that  it  is  now  known  that  proteids  in 
stdntion,  or  even  such  thinj^s  as  ejjgs  Ix'aten  to  a  fluid  m!is*i  with  a  litth'  salt, 
are  alisorbed  from  the  rectum,  and  this  notwithstanding  tfic  fact  that  no 
proteolytic  enzyme  Is  foinid  in  this  part  of  the  alimcntnry  canal.  Fats  a]s»> 
(siu'h  as  milk-fat)  and  suirsirs  cjm  Uv  absorbed  in  the  same  way.  S>mc  of 
rliese  tactA*  have  been  corroborated  in  a  striking:  way  by  Harlcy  '  in  exi>eri- 
mcnts  upon  do)njs  from  which  he  had  removed  the  whole  of  the  larg<»  inte»- 
Une,  It  was  founci  thnt  in  those  Muinials  ihon*  was  an  incre:is<»  in  the  ipmn- 
titv  nf  water  in  the  feci»s,  the  total  (piantity  beinj:  nearly  tive  times  as  ntucli 
as  in  the  normal  do)j:. 

Absorption  of  Proteide. — As  we  have  seen  in  the  preceding  paragriiphs, 
absorption  of  pmicid-;  takes  jtlace  in  the  stomach  and  the  small  and  larj^ 
int<4tines,  but  in  all  proiinbility  mainly  in  the  sniidl  intestine.  The  end- 
products  of  the  digt^ition  of  proleids  by  tbf  proteolytic  enzymes  are  proteoses 
and  [>eptr>nes.  Tryptie  digestion  pp«Kln<'<'s  also  leucin,  tyrosin,  nnd  the  relate<l 
amidrK  botiies,  bur  s<i  far  as  protriii  has  undergone  de*'on»p<tsiri(ni  tt»  this  smge 
it  is  no  longer  proteid,  and  does  not  have  the  nutritive  value  of  protei<I.  The 
hnrical  cfrndusion  from  our  knowleilire  of  pmtcid  <ligesrlon  should  l>o  that 
all  protciil  is  retbiwd  to  the  form  of  prrrti^fv^*^  or  peptones  b<'l'ore  aljsorption, 
aiHl  that  the  gn-at  advantage  of  proteolysis  is  that  pnjteids  are  more  riffldily 
absfjriHxl  in  this  f»a'rii  than  in  any  ^itlier.  In  the  main  we  must  ao»vpt  this 
ci>nclusii»n.  Tla*  pnMX'ss  of  protoid  digestion  would  swin  to  be  without  mean- 
ing otherwise.  Hut  we  nnisi  n<tt  slmt  our  eyes  to  the  tm-t  that  proteid  may  be 
abs<»rbed  in  other  forms  than  pe]»tones  or  pmteosefi.  This  has  been  demon- 
stratetl  most  clearly  for  the  rectum  an*!  the  lower  pjirt  of  the  lYjJon,  as  w.as 
stated  in  the  prri*eding  [mnigni]>]i.  Emrnala  of  di^-olvt*d  n»nsrle-proteid 
(myohin),  egg-albumin,  etc.  are  alnorlH^l  from  this  part  of  the  alimentary  canal 
vitliout,  so  far  as  ear)  l>e  determined,  previous  conversion  to  peptones  and 
proteoses,  and  we  must  admit  that  the  siuiic  jMiwer  is  pn*ta-^stHl  by  other 
pnrta  of  the  intestinal  trnot  It  is  probable,  tor  instantv,  that  the  very  first 
pnHluct  of  |x*psin-hydr(H'hIoric  digestion,  syntonin,  is  cajiable  of  alr^orption 
directly.  This  t'acl,  however,  does  not  weaken  the  conclusion  that  p*'plones 
and  proteoses  are  absorl>ed  more  easily  than  other  forms  of  proteids,  ami  tliat 
they  oonslitut**  the   form    in  which   the  bulk   of  our   prrtteid   is  absorbed. 

*  /Vwvw/iri'/*  nf  the  Piftfttl  .SViriWi/,  LoimIiim,  181»0,  vol.  \siv.  No.  408. 
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Opinions  ns  to  wliy  these  forms  (ff  protoids  are  more  easily  absorbcMl  than  uiiy 
otlier  niiirit  vary  witli  tlif  tluMjry  lir*!*!  as  to  the  nature  of  absorption.  Kx- 
perimi*nt8  have  shown  that  pn.>te<w«:s  ami  peptones  are  more  ea.'*ily  (littu^ibte 
tlian  other  forniei  of  pmleid>j  and  this  fiiot  tends  to  support  the  view  that 
their  ab.sor]>tion  is  due  to  physieal  dittiision.  The  f>bjeet  of  digestion,  on  this 
view,  is  to  convert  the  inrii»hiU!e  and  non-dialyziil>le  proteids  int*i  soluble, 
difTufiible  j>optones.  But  a  .study  of  the  dt.'tuil:4  i>f  protoid  ab!>orpti<>n  has 
shown  that  the  proeess  cannot  be  explained  entin^ly  by  the  laws  of  simple 
dialvsJH  that  ^jveni  tlie  [iroccsH  (tf  diflusioii  throu;rh  duad  nienibnines.  Pro- 
teidts,  like  egg-albumin,  wiiit*l»  are  pnu-tindly  non-dialy/^ljle  are  ubj^orbed 
readily  from  the  intestine.  Moreover,  when  one  considers  the  rate  of  absorp- 
tion <tf  peptonr  from  the  aliiiinilary  trtn'l,  it  seems  to  1h»  niiu'lx  1<mi  rapid  and 
complete  U»  be  aceo(uited  for  t'lilirrly  by  the  ditfusibility  of  this  bubstance  as 
deterniine<l  by  experiments  with  part^linient  dialyzers.  It  is  believed,  then^ 
fore,  tluit  the  initial  act  in  the  abrforptiou  of  proteids  is  dependent  in  some 
way  upon  the  peculiar  [jropcrties  of  the  layer  of  living  epitiK'liid  cells  lining 
the  mucous  mendinuie.  Wliethcr  the  jicculiarity  is  a  physical  one  depending 
on  some  special  structn^  of  the  cells  that  makes  them  pi-rnieable  to  the  pro- 
toid niolfculi^s,  or  whether  it  is  a  more  obs^-ure  and  coni]ili<'at<'d  process  ci>n- 
nectcd  with  the  living  activity  of  Ihi'  rclls,  remains  unditrrniincd  for  the 
present.  After  the  protei<ls  have  passed  tlirough  the  epitheliuni  it  is  a 
matter  of  importance  to  dtterminc  wlR'ther  'tlun*  enter  llio  bhtoil  or  the 
lymph  circulation.  Experiments  have  sJunvn  cf»nclusi vcly  that  they  are 
transmitted  diret^tly  to  the  bUMid-capillaries :  ligature  of  the  thoracic  duct, 
f{\T  example,  which  shuts  ot!*  the  entire  lymph-How  coming  from  the  intes- 
tine, <hjcs  not  intvri'cn-  with  the  absorption  r>f  pri>teids.  There  is  one  other 
fact  of  great  signitiwun'c  in  cttnnection  with  this  subject :  the  proteids  are 
absorbetl  maiidy,  if  not  entirely,  as  proteoses  and  peptones,  and  they  pass 
inunediately  i]ito  tlie  blood  ;  nevertlieless,  examination  of  the  bloiwi  direcily 
after  eating,  while  tlie  prticess  of  absorption  is  in  full  activity,  fails  to  show 
any  pi-ptorics  (tr  jintteoses  in  the  bhHxh  lu  fact,  if  these  substances  are 
injected  diiVi'tly  into  the  blofHl,  they  behave  as  foreign,  and  even  as  toxic, 
iHMiif's.  In  certain  (loses  they  pro«luce  insensibditv  with  lowered  blood- 
prt^ssure,  and  they  may  bring  on  a  con<Iition  of  eonni  ending  in  death. 
Moreover,  wlien  present  in  the  bloo<|.  even  in  small  cjuantitit's,  they  arc 
eliminated  by  tlie  kidneys  and  are  evith'utly  until  for  the  use  of  the  tissues. 
It  follows  from  these  facts  that  while  the  jKptones  and  proteoses  are  being 
absorbed  In*  tlie  epitln'lial  cells  they  are  at  the  sjime  time  changed  into  some 
other  form  of  proteid.  What  this  chang**  is  lias  not  been  di.'tcrmined.  Ex- 
periments have  shown  that  ptjitones  disa]>|H'ar  when  brought  into  contact 
with  fresh  j>ieccs  of  the  lining  mucous  membnine  of  the  intestine  which  are 
still  in  a  living  condition.  The  statement  has  been  made  that  tlie  peptones 
and  proteoses  are  <'ouverted  to  seruui-alliutnin,or  at  least  to  a  native  albumin 
of  some  kind,  but  we  have  no  definite  knov*'ledge  beyond  the  fact  that  the 
jM'ptones  and  proteoses,  as  such,  disn]*prjir.     It  is  well  to  call  attention  to  the 
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fact  that  thf  ilijr**i»tioii  of  protoids  is  suppt^^ed,  accordin)L?  to  tlio  scheinu  alrrady 
dot*oribo<J,  to  rotisist  in  :i  |inM'(.ss  of  hyrlrntion  and  Hplittin^',  willi  the  foriim- 
tion,  prohably,  of  ttuialkT  molwuhs.  Thr  rrvrrso  art  of  conversion  (»f  p*»|>- 
toned  back  to  allHiiniu  implies,  theri'fore,  u  proeoMs  of  dehy<lnition  and  jm>Iv- 
nifHzatii.n  that  presmnaMy  takes  place  in  the  epithelial  cells.  It  is  at  tliis 
|H»int  in  the  act  \\i'  ahsurplioii  ol"  pi-oteids  tfiat  our  kn«»wle<ljro  if*  most  <le|ieient. 

Absorption  of  Sugars. — The  farhi>liyilral«'."^  are  ahseirlM-d  niaitilv  in  tlie 
form  of  .sugar  or  of  sugar  and  dextrin.  Starches  arc  converted  in  the  intes- 
tine into  maltose  nr  inMlt(>sr  and  dextrin,  and  tlien  by  the  HUgar-Kplitting 
en/ynicrt  of  tin-  mucous  iin'iidji-atic  arc  changed  to  dcxtrow.  Ordinary  <'ane- 
Htigiir  is  hydrolyzcd  into  dcxtnjw?  and  levuIoHG  Iwfore  absorjHion,  and  inilk- 
eiigar  |w»ssibly  inuh-rgtM-s  a  similnr  rhang*-  to  dcxtn>so  and  galaet(w*e,  tItcMigli 
less  is  known  of  this.  S)  far  as  onr  kiimvlrtlgc  goi-s,  then,  wo  inav  sav  that 
the  carbohydrates  t)f  our  forwl  an*  eventually  absorbed  in  the  fomi  nuiinlv  of 
dextrose  or  of  drxtrosc  :tnrl  Irviilose,  leaving  out  of  etuisidcration,  of  eourM*, 
tiic  small  fiart  tluit  rmrnially  imdcrgocs  bacterial  fermentation.  In  a4'eor<ian<'e 
with  this  staleniciit,  we  fintl  that  the  sugar  of  the  bhuxl  exists  in  the  torin 
of  di'Xtros*'.  It  is  apparently  a  fibrin  of  sugar  that  can  be  oxidizttl  very 
n*adily  by  the  tissues.  In  fact,  it  has  been  8lio\vn  that  if  eane-sngar  is  in- 
jected directly  into  the  blo^wl,  it  nuimtt  be  utilized,  at  least  not  readilv,  bv 
the  tisflues,  since  it  is  eliminated  in  the  nrine  ;  whertms  if  dextnise  is  intro- 
duced directly  into  the  circulation,  it  is  all  consumed.  provide<l  it  is  not 
injectc*!  too  rapidly.  'I'he  siigriis  aiv  soluble  and  dialyzahle,  but,  as  in  the 
caw*  of  pcpt*tncs,  exact  study  of  thi-ir  alistirption  shows  that  it  docs  not  follow 
in  detail  the  known  laws  of  osmosis  thnaigli  dead  iiu-mbniues.  Kx|>erinient*; 
indicate,  however,  that  in  a  general  way  the  i>ehavior  of  solutions  of  sugar 
placed  in  isfdatfnl  loops  of  the  intestine  may  be  understoixl  by  assuming  that 
diffusion  takes  place,  and  it  may  be  (licivfore  that  the  peenliaritics  obs<'r\'ed 

(•onneeti'd  with  the  stnieture  of  the  living  epitheliimi.  We  have  to  ileal 
here,  in  fact,  with  tlio  snnie  diflicrdty  as  was  cneonutered  in  the  caw?  of  the 
proteids.  A  special  vital  activity  of  the  epithelial  cells  cannot  bo  cxelu<le<i, 
and  we  must  be  content  to  await  a  fuller  cievelopment  of  experimental  inves- 
tigation iM'fore  altemjiting  to  come  tti  a  final  <*onelnsioii.  As  In  the  case  of 
the  pnjteids,  the  absorbed  sugtus — dextrose  or  <lextr(»se  and  levulose — pnsji 
directlv  into  the  IiIoirI,  and  ilo  not  under  normal  conditions  enter  the  lyni|>h- 
voss«ds.  This  lias  been  demonstrated  by  dir<*<'t  examination  of  the  bloixl  of 
tlie  portal  vein  during  digestion  (von  ^fering'),  a  <listinet  increase  in  it# 
sugar-contents  being  fmnid.  Kxamititttion  of  the  lymph  shows  no  iiicn^as**  in 
sugar  uulesis  excessive  amounts  of  cnrlmhydnilcs  Iiave  been  eaten  (Heiden- 
hain). 

Absorption  of  Pats. — As  ha.**  been  stated,  fats  are  absorl>cd  either  in 
Bolid  ft>rm,  as  enndsified  dro]>lcts,  or  as  fatty  acids  or  soaps.  In  the  latter 
^ftse  the  fattv  acids  arc  ag:iin  recombincd  to  [Hirlicles  of  neutral  fat,  pre- 
sumably within  the  substance  of  the  epithelial  cells.  So  tar  as  the  enitdsifie<)  fat 
*  Dii  Boitt-KeytDond'it  Arckivjur  AwtUntae  %nd  Pktfmoliigif,  1877,  H.  413^ 
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is  concerned,  the  proctvw  of  ahftorption  must  he  of  a  n)tM»hanioal  nature.  The 
details  of  the  procent*  have  l>een  work^nl  out  n»ierti5r<niieully  and  have  given 
rise  lu  niuiHToUrt  res^nireho^s.  It  ii»  imneerssan-  fn  speak  of  thi*  various 
thrtiric'j?  that  liavo  brpn  held,  as  it  has  been  shown  hy  nearly  all  tho  nt^-nt 
work  timt  the  imnuHJiate  a^cnt  in  the  ahsoqttion  iif  fnt^  iri  again  the  epi- 
thelial I'olls  of  the  villi  of  the  small  intentiue.  The  fat-ilmpluU  may  he 
Hcen  within  these  celU,  and  can  be  r?tiulied  tuicrosroplrally  after  dijreption 
in  the  act  of  passing,  or  rather  of  being  passed,  through  the  eeil-snbHtance. 
Refewnw  to  the  histology  of  the  villi  will  show  that  eaeh  villus  pf»>s4^;i;e« 
a  coin(>aratively  large  lyujphatie  capillary  lying  iu  its  middle  and  emliug 
blindly,  apparently,  near  the  a|iex  of  the  villus.  Between  this  central  lym- 
phatic— or  lacteal,  as  it  is  iidlod  here — and  the  epirheliuni  lies  the  stroma,  or 
main  nubstance  of  the  vilhis,  which,  in  addition  to  its  bI<M>d-c:ipinaries  and 
plain  mns<*le-fibres,  consists  mainly  of  lyniphuid  or  adenoid  tissue  containing 
namerous  leuwxn'tes.  Tlie  fat-droplets  liave  to  pass  from  the  epiiheliuni  to 
the  e«*ntrid  Ivrnpliatie,  for  it  is  tuio  of  the  moet  eertiiin  fijcts  in  aksorptti)n,  inv\ 
one  which  has  Iktu  long  known,  that  the  fat  absctrbed  gets  eventually  into 
the  lactculs  in  an  emulsified  contlition  and  tlicnce  is  conveyed  through  the 
system  of  lymphatic  vessels  to  the  thoracic  duct  and  finally  to  the  blow!. 
The  name  "  lacteal,"  iu  faet,  is  given  to  tlie  lympliati*'  mpillaricsof  the  villus 
on  aooount  of  the  milky  ap]>earance  of  iheir  contents,  after  incalfi,  caused  by 
the  emiilsitied  fat.  It  should  be  added,  however,  that  it  has  not  l>een  ]M»ssible 
to  denioustrate  experimentally  (hat  all  xlw  absnrUed  fat  |vis«es  into  the  thoracic 
duct.  Attempts  have  Ijcen  niude  lo  eollecl  all  the  fat  |)assiiig  through  the 
thoracic  duct  af\er  a  meal  c<?iitaining  a  known  quantity  <»f  fat,  but  even  a(\er 
making  allowance  fur  the  uiiabsfirlied  tat  In  tlie  feces  then*  is  a  LSinsidcrable 
|M'rceiit:ige  of  lln'  fat  absoi'hed  that  caiuiot  be  recovered  fniru  the  lyinjtii 
of  the  thonjeie  (hut.  M'hile  this  result  *loes  not  invalidate  the  concluHnm 
stated  above  tliat  the  fat  passes  chicHy,  perhaps  entirely,  into  the  lactcals, 
it  tl(H's  indieat<'  tliat  tlien^  are  some  iaetors  concerned  in  the  process  of  fat- 
absorjiliorj  that  :ire  ;it  present  unknown  to  us.  The  jMiswige  of  the  fat- 
droplets  to  the  crntnd  laeteal  is  not  difllieult  (<►  undei>l:ind.  The  adenoid 
tissue  o{  the  stroma  is  penetnited  l>y  mimite  nidormed  lymph-channels  that 
are  doubtless  counwited  witli  the  central  lacteal.  In  caeli  villus  lymph  is 
continually  formed  from  the  einndating  bloiKl,  so  tliat  there  junst  Ih"  a  slow 
stn'Jim  of  lymph  througli  the  stroma  to  th*'  laeteal.  When  tlie  fatnlmplets 
have  jMissetl  through  the  epitlielial  i^*lls  (and  hjisement  nn  lahi'ani')  thev  drop 
into  Llie  interstioes  of  the  adenoid  tissue  and  aiv  itirrietl  in  this  stream  into 
the  laetiHil.  The  lactcals  were  formerly  designated  as  the  **  absui'bents,"  under 
the  false  impression  that  they  attended  to  all  tlie  absiH'ption  going  on  in  the 
intestineB,  including  that  uf  |)eptoneH,  sugars,  and  fats.  It  is  now  known  that 
their  action  under  ordinary  etvnditiotjs  Is  limitt'd  to  the  absorption  of  fats. 

Absorption  of  Water  and  Salta. — Fn»ni  what  has  Ik'cd  said  (p.  ;J I:*)  it  is 
evident  that  absorption  of  water  takes  place  very  slightly,  if  at  alt,  in  the 
Htoniach.     Whenever  soluble  substances,  sueli  as  peptones,  sugars,  or  salts,  are 
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al)!U>r1ied  in  this  orjjun,  a  certain  iinmiuit  of  water  must  go  with  them,  but  the 
hulk  of  tlio  water  |);i»>ses  out  of  th«'  |ivloriis.  In  the  sinjiU  intestine  jihsnrp- 
tioM  <»f  water  and  of  inorganic  g4ilts  evidently  tiike.s  plaee  reinlily,anJ  aee<jnl- 


the 


[1  Hi'idenhain,  already  referred 


the 


^lorimenLs  of  Hohniann 
hiws  governing  tlieir  ahsorptiim  are  ilitferent  from  wh:it  we  should  expeet  at 
first  rtipht  if  the  pn>eefis  were  siniplv  <ine  of  diniihion.  The  ditlerenees  aa 
regjinls  the  ahi*^>rption  of  salts  iire  es|>o<'iuIly  enijdmsiiMHl  hy  the  e.\penment« 
of  Heidenhain.*  Mitkin^  use  of  an  interi'^ting  niethiH^l,  for  M'hieh  reference 
must  be  made  to  tlie  original  ]Kiper,  Ileidenluiin  Ikis  >hown  tliut  not  imly 
dilute  solutions,  hut  solutions  of  ne:irly  the  same  o>motie  pre.>^sure  as  the 
blooil  wen*  remlily  ahsorhed.  Indeed,  specimens  of  the  aiiimalV  own  serum 
intHwhieed  into  a  hwip  of  (lu>  iiilcstine  were  eon»pletoly  ahsfkrhed,  although  in 
this  e;u*e  there  was  prat-tirnlly  im  ditVermee  in  e<iioiMi?^itiun  hetwtH-n  the  liipiid 
in  the  intestine  and  the  IdiMw!  nf  tlu-  aniniid.  In  iintfther  pajiir  hy  Ileiilen- 
hain  *  h**  has  proved  tfmt  ihe  :d>s(trplion  of  water  in  tin-  stiuil!  iiiii  stine.  when 
ordiiuiry  amoullt^  are  ii»«:esteil.  tjikes  plaee  entirely  thnaigh  tlie  liitHRi-vesselft 
of  the  villus^  and  not  throu|;h  the  laeteals ;  wlien  lar^^T  <juantitic»  of  water 
are  swallowed,  a  small  part  may  lie  aUst*rht'd  t)ir(»n^li  lite  liicteals,  as  shown 
by  the  inereasetl  lyiiipli-thiw,  but  by  far  iIh-  larpr  ([iiautity  is  taken  up 
directly  by  the  blood. 

Tu  the  largo  intcsitine  the  contents  liecoiue  progressively  more  solid  as  they 
approach  the  rectum  ;  the  absoqiticm  of  water  is  r-ueh  that  the  sti-eiun  is 
ruainly  from  the  inteslinal  eonteiits  to  the  bloixl,  j^iviu^  us  u  phenomenon 
eomewhat  similoi*  to  the  ahsorpti^ju  of  water  by  tlic  rtM»ts  of  a  jdant.  This 
process  is  ditfirult  to  under<<taud  upon  the  supptHitiiui  that  it  is  eaiiS4'd  by 
^ismosis.  usinir  that  t^-rm  in  its  ordinarv  sense,  unless  we  assume  that  it  is 
dae  entirely  to  ihe  osuiutic  [>n*ssure  of  tlie  indilfiisible  proteids  of  the  blood 
as  explained  on  p.  *I9. 

Compoaition  of  the  Feces. — The  feces  differ  widely  in  amount  and  in 
a)m|>osition  with  the  elmractcr  of  the  food.  Upon  a  diet  composed  exclu- 
ftively  of  meats  they  are  small  in  amount  and  dark  in  c<»lor ;  with  an  r>nlinnry 
mixed  diet  the  am(»uui  is  increased,  and  it  is  larg*»st  witli  an  exclusively  vege- 
table diet,  espi*<*ially  with  vegt-taltles  containing  a  large  amount  of  indigest- 
ible material.  TIm*  average  weight  of  the  feces  in  twenty-four  hours  njuin  a 
mixcfl  diet  if*  given  as  176  gnims,  while  with  a  vegetable  diet  it  may  amount 
to  as  nuich  as  M\0  or  500  gnirus.  The  quanlitative  com[Misiiion,  tlicrefore,  will 
vary  greatly  with  the  diet.  Qualitatively,  we  find  in  the  fr-ces  the  following 
things:  (1)  Indigestible  material,  such  as  ligaments  of  moat  or  cellulose  from 
vegetables.  (2)  Undigi'sitil  materiid,  such  as  fragments  of  meat,  starch,  or  fat* 
which  have  in  some  way  esca[>ed  digestion.  Naturally,  the  quantity  of  thb 
material  preseut  is  slight  under  normal  conditions.  Some  fats,  however,  are 
almost  always  found  in  feces,  either  as  neutral  fats  or  as  fatty  acids,  and  to 
a  small  extent  as  calcium  or  magnesium  soa{>s.     The  quantity  of  fat  found  is 

>  PfiUger't  Arrkir/ur  tiit  tifMmmlf  Phutiofoyif,  181*4.  Bd.  M,  8.  579. 
■i6id.,  IV^,  Bit.  4a,  !>iipiilciiieitt. 
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in(*rease<l  bv  iin  increase  of  the  fat*  in  the  food.  (3)  Prmlucts  of  the  intes- 
tiiml  secretions.  Evidence  him  accumulated  in  recent  years'  to  show  that 
tln!  feces  in  man  on  an  avcni':;c  diet  arc  cnmjMisi'd  mainly  of  the  niatiTiid  of 
the  iiUe^tinal  h  crctlons.  The  niiro^cn  of  (lie  focen,  formerly  snpposwl  to 
represent  undigested  food,  seems  mtlier  to  have  its  origin  in  these  secretions, 
and,  therefore,  like  the  nitrojren  of  tltc  urine  tipresents  iv>  nuich  metaholism 
in  the  body,  (I)  l*ro*Jucts  of  bacterial  (li't-onipo-'ritiou.  The  mo8t  character- 
istic of  these  ])roducts  are  indo!  and  fikali>l.  These  two  i^ubstances  are 
fornunl  nonnally  in  the  \wT)xy  intestine  from  the  putrefaction  of  pmteid 
material.  Tht^y  <Krnr  always  tif^etljcr,  Indol  lias  the  ffirninla  C^HyN, 
and  skatol,  whi<'li  is  \\  metliyl  indol,  the  formula  Q^iiN.  They  are  er\'.etal- 
line  hollies  po.sKessiuj»;  a  difWif^reeiible  fecal  (Mlor;  this  is  epe<'ially  true  of 
skatol,  tn  which  ihe  odor  cd'  the  W^^c?  is  mainly  (hie.  IndrtI  an<l  skatol 
arc  clirniruiteil  IVoiii  the  body  only  in  part  in  ihe  feces;  a  ccrlain  propor- 
tion of  each  i^  absorbed  into  the  blood  and  i&  eliminated  in  a  modiricd  form 
through  the  nriue — indol  as  indiean  (indoxyl-sulphuric  aci<l),  from  which  indigt> 
was  formerly  made,  and  skatol  a^s  akatoxyl-eulphurie  acid  (sec  Chemicjd  seetitm 
for  further  information  as  to  the  chemistry  of  these  bodies).  (5)  Cholesterio^ 
which  is  found  always  in  small  amounts  and  is  probably  derivetl  fronj  llie  bile. 
(*))  Excretin,  a  erystalliznble,  n(>n-nitrogenons  substiuicG  to  wiuch  the  formula 
CygHis^SOj  lias  been  asyigniHl,  is  found  lu  minute  quantities.  (7)  Mucus  and 
epithelial  cells  thrown  off  from  ihe  intestinal  wall.  {><)  Pigment.  In  addition 
to  the  cf>lor  due  to  the  undigested  forni  or  to  the  metallic  coni]K»unds  contained 
in  it,  there  is  normally  present  in  the  feces  a  pigment^  hytholiiliruliiuj  derived 
from  the  i>igments  (bilirubin)  of  the  bile.  Hydrohillrubin  is  formed  from 
the  lulirubin  by  reduction  in  tlu'  larirc  intostiue.  (H)  Im^rjranir  suits — salts 
of  s<tdiuni,  potjHsiuin,  cah-inin,  ntairnrsinni,  and  iron.  Tlu'  inijMirtance  of 
the  calcium  and  ir4tii  .«ahs  will  be  ndcrn-d  to  in  a  subst^quent  chapter, 
when  spcnkinirof  tlu'ir  nutritive  importance.  (10)  MirroHirpnnism?.  (Jreat 
qnantitii's  t*f  bacteria  of  <litlercut  kinds  arc  ionud  in  the  feces. 

Tn  atldltion  to  the  feces,  there  im  fonnd  oftm  in  tlie  large  intestine  a 
quantity  of  gas  that  may  alfro  be  rlimiiiali'd  through  the  rectum.  This  gas 
varies  in  composition.  The  f<il]owing  constituents  have  l>een  determined  to 
occur  at  one  time  or  another:  CH^,  CHX,  H,  N^  H^S.  They  arise  mainly 
from  the  Iwicterial  fermentation  of  the  proteiils,  although  some  of  tJie  N  may 
be  deriveil  from  air  swalloweti  with  (he  fixnl. 


F.  Physiology  of  the  Livbr  and  the  Spleen. 

The  liver  plays  an  important  part  in  the  general  nutrition  of  the  body ;  its 
functions  are  manifold,  but  in  the  long  run  they  de]»f_'nd  upon  tiie  pro])erties 
of  the  liver-oell,  which  constitutes  the  anatonneni  and  physiological  unit  of  the 
organ.  Thf*sc  cells  are  seemingly  uniform  in  structure  throughout  the  whole 
substance  of  the  liver,  but  to  understand  clearly  the  different  functions  they 
fulfil  one  must  have  a  clear  idea  of  their  anatomical  relations  to  one  another 

*  Se«  I'rmUBnitx:  Zeitaehriftfm-  BmliKfU,  IK97,  IM.  35,  S.  335  ;  and  Tsuboi :   Ihiil,  R  GS. 
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and  to  the  blfhxl-vesjwl**,  the  lymphatics,  and  the  bilo-durts.  The  histohno^  of 
the  liver  lobule,  and  the  n-latioiiship  of  the  portal  vein,  the  hepatie  artery,  and 
the  l>ile-<liiel  to  (In*  luhnli',  imis!  Ik-  ohtaiiieiJ  from  the  leM-lnHiks  U|Min  liistol- 
ogy  and  anatomy.  It  is  f-uttifient  liert^  to  itfiill  the  faet  tlmt  <wh  lolnde  U 
Fuppliod  with  l>lood  coming  in  part  fixjm  the  jKirtal  vein  and  in  part  from  the 
hepatic  arter\'.  TIu*  hliMn!  from  tho  former  soiirr-e  amtains  the  sohible  pnKl- 
ucta  abtorUnl  from  the  alimt^ntary  tunal,  such  as  !-ugar  and  protcid,  and  these 
abfl  rbod  pivKltit-ts  are  submitted  Ui  tlie  metabolic  activity  of  tlie  liver-cells 
bef<»re  n-aching  the  general  riniilatinn.  Tiie  hepatic  artery  brings  to  ilic  liver- 
cells  the  arterializeil  I)1o«hI  sent  uai  into  the  systemic  circulation  from  the  left 
ventricle.  lu  addition,  each  loLuk*  gives  origin  to  the  bile-<.apillarie4  which 
•rise  between  the  separate  cells  and  which  carry  ofl'  tlie  bile  tbrmed  within 
tlie  ctdU.  In  ui^-oitlance  wiih  these  facts,  tlie  physiolo^v  of  the  liver-cell  falla 
nutumlly  iutd  two  |Hirt,-i — one  treating  of  the  formation,  conipofiition,  and  pliysi- 
ological  signtti(^nce  of  bite,  and  the  other  dealing  with  the  metal>oIic  changes 
prtxliice<l  ill  tlie  mixe<I  bluod  of  tin'  jH>rtal  vein  and  ific  hcpiuic  artery  as  it  fluws 
through  the  lobules.  In  this  latter  divi^i<JIl  tlic  main  phenomena  to  l>e  ntudied 
are  the  formation  of  urea  and  the  formation  and  i»iguifiean<%  of  glycogen. 
Bile. — From  a  physiological  stiindix>int,  bil^  U  jwirtly  an  excretion  carrying 
,  off  certain  waste  pmducts,  and  partly  a  digestive  secretion  playing  an  iin{tort- 
P  ant  r6le  in  the  atisorption  of  fatd,  and  pot^ibty  in  other  ways.  Bile  is  a  con- 
tinuous secretion,  but  in  animaN  })os»e^8ing  a  gall-bladder  its  ejection  into  the 
daodenuni  is  intermittent,  F(»r  the  details  of  the  mechanism  of  its  seert^tion, 
ilA  depentlenc<»  au  nerve- ami  bhxMl-sup[>ly,  ete.,  the  reader  is  referred  to  the 
■  section  on  Sctrretiou.  Bile  is  easily  obtaiiie<i  from  living  animals  by  establishing 
a  fistida  of  the  bile-tUict  or,  a*^  seems  preferable,  of  the  g:dl-bladdcr.  The 
latter  o'j>erjition  has  In.'en  |>erforine<i  a  number  of  times  on  human  beings.  In 
Mime  cases  the  entire  supply  of  bile  has  been  diverted  in  this  way  to  the  ex- 
terior, and  it  is  an  inten^ting  physiological  fact  that  such  patients  may  eon* 
linnc  to  enjoy  fair  health,  siiowing  that,  whatever  part  the  bile  takt^  normally 
in  digestion  and  absorption,  its  jwiAsage  into  the  intestine  is  not  al*H»luteIy 
necessary  to  the  nutrition  t»f  tlie  IwxK*.  TIk*  (piuntity  of  bile  secreted  during 
the  day  has  l)een  estimated  for  luituun  beings  of  average  weight  (43  to  73  kik^ 
grams)  as  varj'ing  Ix'twcen  o(M>  and  ?s(.M)  cubic  cr-ntimeters.  This  estimate  is 
based  n|w>n  ot)si'r\'ations  on  rases  of  biliary  fistula.*  Chemical  analyses  of  tlie 
bile  sh«iw  that,  in  addition  to  the  water  and  salts,  it  contains  bile-pigments, 
bile-acids,  cholcstenn,  le(*itliin,  neutral  fats  and  sonps,  sometimes  a  trace  of  urea, 
and  a  roncilaginoiis  nucleo-albumin  formerly  designateii  improperly  as  mucin. 
The  laht-nientione<l  sul»stance  is  not  formed  in  the  liver-cells,  but  \s  added 
to  the  bile  by  the  nuiwus  membrane  of  the  bile-ducts  and  g:dl-bladder.  The 
i|uantity  of  these  sul>staiices  present  in  the  bile  must  vary  greatly  in  different 
animals  and  under  different  conditions.     As  an  illustration  of  their  relative 

'  (Jopcmaii  md  Wiiwton  ;  Jourwtl  of  Iftynmfntjy,  J8K9,  vol.  x.  p.  213:  K<>b(on  :    IMtfrfdinga 

4f  ike  Rftytd  Society,  txtiuion,  1890,  rul,  47.  p.  490;    ViikfS  uul  Ualch     Jounuil  nf  Erprrtmruial 
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importance  in  hujinui  Iiilc  ami  nf  the   limits  of  vacation  the  two  following 
analyses  by  Hanimarstcn  '  may  be  quoted: 

I.  n 

Solids 2.520  2.840 

Water 97.480  97  160 

Mucin  and  pigmeat 0.529  0.910 

Bile-«Alts 0.1)31  0.814 

Tanrot'fiolaU 0.3034  0.053 

Glycocholale 0.6276  0.761 

Fatty  acids  from  aoap 0.1230  0.024 

ChotMierin 0.0630  0.096 

Jff*''^"}      0.0220  0.1286 

^oltiljlt*  salts 0.S070  0.8051 

Imuluble  salts       0.0250  0.i.i4Il 

The  color  of  bile  varies  in  dittbiTiit  animals  according  to  the  prepondorance 
of  one  or  the  other  of  the  main  l>ilL'-])fgmentf<,  bilirubin  and  biliva'din.  The 
bile  of  carnivorons  animals  luw  usually  a  bright  golden  color,  owiiJg  to  the  pres' 
ence  of  bilirubin,  while  that  of  tlie  lierbivora  is  a  bright  green  from  the 
biliverdin.  The  color  of  luimiyi  l)ile  wnmis  to  vflry  :  acconliiig  to  some  aufhor- 
itie8,  il  Ls  yt-ljow  or  brownisli  yellow,  and  this  seems  e^jHicially  true  of  tbe  bile 
a.s  f4)und  in  the  gall-bladder  of  the  cadaver ;  ;u'<'ording  to  others,  it  is  of  a  dark- 
<»live  color  with  llir  (rreenish  lint  prcdiuniTiiitin^.  Its  reaction  is  fet'bly  alka- 
line, and  its  i^pccilic  gravity  varies  in  limnaii  Mb'  fnun  lOoO  or  1040  to  1010. 
Human  bile  does  not  give  a  distinctive  absorpti(»u  spectrum,  but  the  bile  of  some 
herbivora,  idter  c.xpo.sure  to  the  iiir  at  least,  gives  a  cliaraeteristic  spectrum. 
The  individual  ctjnstituents  of  the  bile  will  now  be  deseribeil  more  in  detail, 
but  witli  reference  maiidy  to  their  origin,  fate,  and  function  in  the  body.  For 
a  description  of  their  .strictly  chemical  properties  and  reactions  reference  must 
be  made  to  the  Chemi(-al  .section. 

Bilo-pig-mentB. — Bile,  aw^ording  to  the  animal  from  which  it  is  obtained, 
contains  one  or  the  other,  or  a  mixture,  of  the  two  pigments  bilirubin  and 
biltveiflin,  Biliverdin  is  supposed  to  stand  to  bilirubin  in  the  relation  of  an 
oxidation  prcMluct.  bilirubin  is  given  the  fornudu  ^HiHiaX/Jj,  and  biliverdin 
CijIIijjNjOj,  the  latter  l>eing  prepared  readily  from  pure  speeimeiifi  of  the 
former  by  oxidation.  These  pfgnients  give  a  characteristic  rt»action,  known 
as  **  Gmelin's  reaction,"  with  nitric  acid  containing  some  nitrous  acid  (nitric 
acid  with  a  yellow  color).  If  a  drop  of  bile  and  a  drop  of  uitrie  acid  are 
brought  into  contact,  the  former  undeipx's  a  succession  of  cnlor  changes,  the 
order  Ix-ing  green,  blue,  viidet,  !*ed,  and  reddish  yelltiw.  The  play  of  colors 
is  due  to  successive  oxidations  of  the  bik'-pigments;  starting  with  bilirubin, 
the  first  stage  (green)  is  due  to  the  formation  of  biliverdin.  The  pigments 
former!  in  some  of  the  other  stages  have  been  isolated  and  named.  The 
reaction  is  very  delicate,  and  it  is  often  usetl  to  ilet^^ct  the  presence  of  bile- 
pigments  in  other  liquids — urine,  for  example-     The  bile-pigments  originate 

»  Be^fflrted  in  0«(rniWnH  fitr  rhy»iolotjir,  189J,  No.  8. 
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from  hsemogloltin.  Tins  origin  was  first  iiidicat^Hj  by  rhe  fact  that  in  old 
bl(MKl-rlots  or  in  extravasations  there  was  fouml  n  ('n.'sta!line  pnKluct,  ihe 
so-called  •*  hieiuatoldiu,"  wliich  \v:is  undoubtedly  deriveil  fixini  liiemo^lnbin, 
and  which  upon  more  careful  exaininatiou  wiis  |)rove<!  to  be  iJentical  with 
bilirubin.  This  origin,  which  haa  since  been  made  probable  by  other  reac- 
tions, is  now  univei'sally  awvpted.  It  is  HUi>p»tie*l  lliat  wheu  the  blood- 
corpusclos  go  to  pic<vs  in  the  cimilation  (p.  4-5)  the  luenioghjbin  is  brought  to 
the  liver,  and  then,  under  the  influence  of  the  liver-cells,  is  converted  to  an 
iron-frcft  coni|»ouml,  bilirubin  or  liiliverdin.  Tt  is  vcri'  significant  to  find  lliat 
the  iron  sepanite^i  by  this  means  from  tlie  hiemoglobin  is  for  the  most  part 
retained  in  die  liver,  a  small  |x>rtion  only  being  secreted  in  the  bile.  It  seems 
prokible  that  the  iron  hclil  bark  in  thr  liver  is  again  umhI  in  S4>mc  way  to 
make  new  luenKiglobin  in  th*?  haMual44Mjietic  organs.  The  bile-pigment>i  are 
carrie<l  in  the  bile  to  the  duodenum  and  are  mixid  with  the  food  in  its  long 
jmss^ige  through  the  intestine.  Under  normal  conditions  neither  bilirubin  nor 
bilivenliu  is  foun<l  in  the  feiv8,  but  in  their  plaix;  is  fountl  a  reiluctiou  pro- 
duct, hijdiohifh'nhiny  formed  in  the  large  intchtine.  Mtuvover,  it  is  believed 
timt  some  of  the  bile-jngment  is  rcal>sorbed  a;?  it  {>asses  along  the  intestine^ 
is  carried  to  the  liver  in  tlic  portal  bltwKl,  and  in  aguin  cliruinat4'<l.  That 
ihirs  action  (KXMirs,  or  iiuiy  urrur,  ha>  bt'cn  mail*-  prol»ai>U*  by  exi>erimcnt.H  of 
M'crthcimer*  on  dogs.  It  happens  that  shei'p'b  bile  e^mtuins  a  pigment 
(chr>li)luenmtin)  that  give?*  a  charm'teritilic  s|K'ctrum,  If  some  uf  tliis  pig- 
ment is  injcctcii  inki  tht'  n)rsi'nt<--rit-  veins  of  a  dog,  it  is  eliniinulL-d  while 
pat«»ing  through  the  liver,  and  4iui  Ik*  recognized  uncliutigcil  in  t}ie  bile. 
TIr'  value  oi'  this  "  ciR*iilati«in  id'  the  bile,"  so  for  as  the  pigments  an-  4'in- 
c^tiumI,  ii*   n*)t  ap|>arent. 

Bile-acids. — "  Jiilc-acid:^  "  is  the  name  given  in  two  (irgimif-  acids,  t/hfnt- 
chtil'w  ami  Uiurovho/i4\  which  are  u]wuy»  pn^si'ut  in  bile,  and,  indeed,  lorn) 
very  important  constituents  of  that  secretion  ;  they  occur  in  tlie  form  ctf  their 
res|Krtive  stHlium  n:dts.  In  human  bile  Itoth  acids  an*  usually  found,  but 
the  pro|)ortiou  of  tauroeholate  is  variable,  and  in  some  cases  this  latter  acid 
may  i»e  abft*'nt  altogether.  Among  herbivora  the  glycocholafe  predominates 
as  a  ride,  although  there  are  some  exc*-ptions ;  among  the  earnivora,  on  tlie 
other  hand,  tJiui'ocJioIate  octrurs  usually  in  greater  quantities,  and  in  the  dog's 
bile  it  is  prtwent  alone.  GlyctHhulrc  arid  has  the  formula  C^H^jNOg,  and 
tannx*holic  acid  has  the  formula  Cj^H^NSO,.  Each  of  ihem  can  be  obtained 
in  the  form  of  crystals.  When  boiled  with  acJds  or  alkalies  these  acids  take 
up  water  and  undergo  liydrolytic  cleavage,  the  reaction  being  represented  by 
the  ftdlowiug  equations: 


Qlycticliulic  ncid.  riinlli.-  m-iil  OlyixicoU  (ualOn-iiretl?  actd). 

C^H^NSO,  +    H,0    =    C„H«0,    +  C,H,NH>S<V)H 

Tfturochollc  ftdd.  Cbultc  Held.  Tftiirfn  '«HiMi>^tl)yI- 

«u1|iht>nlr  rtrl«n 

'  /l(«Ait<»  tie  Phymotogif  normnit  tt  pnikulogique,  1892*  p.  &77. 
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These  reactions  aro  interesting  not  (nily  iu  that  thfv  tlimw  light  on  rho  structure 
of  the  acitiH^  hut  nisn  l>oraa.sc  Bimilar  mictions  donbtl(¥w  take  place  in  the  iutes- 
liue,  choli<^i  iumiI  having  \wk^i\  tk'U^cted  in  i\w  iiUer^tiusil  cuiitents.  As  the  for- 
mulas show,  oholic  ariil  is  fonned  in  the  dwuitiposition  of  each  acid,  and  we 
may  regard  the  bile-acids  as  coraixninds  prodiic^Hi  In*  tlie  pynthelic  union  of 
cholic  acid  with  glrnocoll  in  the  one  (saso  and  witli  tanriii  in  the  other. 
Cholic  acid  or  its  eonipouiids,  the  Inle-acids,  arc  nsnally  dettH^ecl  in  suspected 
]iqni<ls  hy  the  wGll-known  Pettenkofer  reaction.  As  usually  jiorfornied,  the 
test  is  made  hy  adding  to  the  liquid  a  few  drops  of  a  10  per  cent,  .^ohition  of 
cune-siigai-  ami  llicn  slronir  snlplinric  acid.  The  latter  must  be  atldetl  carefully 
and  (he  temperature  be  kept  l>elo>v  70°  C.  If  hilc-acids  arc  pre-^ent,  the  liquid 
assumes  a  beautiful  red-violet  color.  It  is  now  known  thfit  the  reaction  con- 
sists in  tlip  formation  nf  a  suhstanc*^  (furfural)  bv  the  action  of  (he  acid  on 
sugar,  which  (hen  reacts  with  the  bilo-aciJs.  The  bile-acids  are  formed 
directly  in  the  liver-cells.  This  fact,  which  was  for  a  long  time  the  subject  of 
discussion,  has  been  demnustrateft  in  recent  years  by  an  important  series  of 
researches  made  ujntn  birds.  It  has  been  shown  that  if  the  bileKluet  is  Hgated 
in  these  animals,  the  bile  formed  is  reabsorbed  and  bile-acids  and  pigments 
may  be  detectefl  in  the  nrine  and  the  blootl.  If,  however,  (he  liver  is  com- 
pletely extirpated,  then  no  trace  o^  either  bile-acids  or  bile-pigments  ran  be 
found  iu  the  blotnl  \\v  the  urine,  showing  that  lliese  suk^tances  are  not 
formed  elsewhere  in  the  body  than  in  the  liver.  It  is  more  difficult  to  ascer- 
tain from  what  substance^  they  are  f»rm*^d.  Tin*  ffU-t  that  glyeocoll  and 
taurin  eimtain  iiitroij^rn,  and  that  th4;  latter  cnntains  sulphur,  indicates  that 
stmie  proteid  or  albuminoid  ermstituent  is  broken  <lnwn  during  their  pro- 
duction, 

A  circumstant'C  of  eonsitiernble  physiological  significance  is  that  these  acids 
or  their  decompoeitiou  pnxlucts  are  absorlieii  in  part  from  the  intestine  ami 
are  agjitn  seei-ete<l  by  the  liver:  as  in  (he  case  of  tlic  pigments,  thei^e  is  on 
inte8tinal-hp|iatic  circulation.  Thr  value  of  this  r«d»sorption  may  lie  in  the 
fact  that  the  bile-acids  cijustitute  a  vei"y  efileicnt  stimulus  to  the  bile-.secretiug 
activity  of  the  wlls,  being  one  of  the  l>est  of  cholagogues,  or  it  may  be  that  it 
economizes  material.  Front  what  we  know  of  the  history  of  (he  hile-acids 
it  is  evident  that  they  are  not  to  be  <'onsider(xl  as  excreta:  they  have  S(»mc 
important  fnnctitm  to  fulfil.  The  following  suggestions  as  to  their  value  have 
been  made:  In  the  first  place,  they  serve  as  a  menstruum  for  dissolving  the 
cholosterin  which  is  constantly  present  in  the  l>ile  and  which  is  an  excretion 
to  be  removed;  secondly,  they  facilitate  the  absorption  of  fats  from  the  inte^ 
tine.  The  value  of  bile  in  fat-absorption  will  pri'sently  Ik*  referred  to  more 
in  detail.  It  is  an  undoubted  fact  that  when  bile  is  shut  ntf'  from  the  intes- 
tine the  absorption  of  fats  is  very  much  diminished,  and  it  has  Ijeeu  shown 
that  (his  action  of  the  bile  in  fat  absorption  is  owing  to  the  ]>rcscnce  of  the 
hih'-arids. 

Cholesterin. — Cholosterin  is  a  non-nitrogenous  8nl>stauce  of  (he  formula 
Cj^jH^O  or  C'j^HjalOH).     It  is  a  constant  «ipn--titiient  o^  the  bile,  althoiigh  it 
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octnir*  in  variable  i|iiantiti4'H.  CluiliHtrrin  is  wry  widoly  (Hetriljutotl  Jii  the 
ImxIv,  being  found  esiM-cially  in  the  vbitc  mutter  (nirdiillarv  biil)Htanri')  of 
n<TV'«^fibrei5.  It  seeinn,  nunvover,  to  ho  a  constant  constitiK'nl  of  all  animal 
and  plant  cellu.  It  is  assiinHHl  rliat  cliolt^sterin  is  not  fornuMi  in  the  liver, 
hut  tliat  it  IS  eIiiiiin:it<Ml  l>y  the  liver-<*e11s  i'nnn  the  blixMl,  which  eolleett;  Hh 
fmin  tin'  various  tissues  of  tlu'  Ixwly,  That  it  Is*  an  exereti<>n  is  indicated  by 
the  fact  that  It  is  t'liiiiiiiatcd  nni-lian^ri^rl  in  the  feces.  Cliolesterin  is  insohible 
in  water  nr  in  dilute  saline  liquids,  and  is  held  in  solution  in  the  hde  by 
means  of  ihr  hih"-ai*id<.  Wv  nuist  rfgard  it  as  a  waste  iinnluet  of  eell-Iife, 
fVirmcil  probably  in  niinut<-  i[tiantlties«  and  exeret(*d  mainly  through  the 
liver.  It  iff  partly  eliniinatiHl  through  the  skin,  in  tJic  selmceong  and  sweat 
secretions,  and   in  tin-   milk. 

Iiecithin.  Fata,  and  Nucleo-albuinin. — Leeltlnti  al»o  Bcems  to  l>e  presen 
generally  in  small  quantiti(»s,  in  the  cells  of  the  varitins  tissues,  but  it  o 
espe^'ially  in  the  white  matter  of  uerve-tibres.  It  is  probable,  therefore,  that, 
so  fur  as  it  is  found  in  the  bile,  it  represents  a  waste  pro<iuct  fornu'<l  in 
different  jvirts  of  the  Ixxly  and  elrniinated  through  the  bile.  The  sfwi^ial 
importance,  if  any,  of  the  small  proportiiui  of  futs  anil  fatty  ai^ds  in  the  bile 
is  unknown.  The  ropy,  iinieilayinons  character  of  bile  is  due  to  the  presence 
of  a  Uxly  formt*d  in  ihe  bile-thKis  and  gall-bladder.  This  substance  was 
formerly  designated  as  mHcin„  but  it  is  now  known  that  in  ox-bile  at  least 
it  is  not  a  true  in»uMM»  but  is  a  nucfvo-aihnmin  (see  Cliemical  section),  Hani- 
mar^ten  i*e|x»i't^  that  in  human  bile  si^me  true  mucin  is  fotnid.  Oub^ide  the 
fact  that  it  niakt-s  the  bile  viscoiw,  this  constituent  i^^  not  known  to  j)oss<*sg 
any  esptrial  phvsioloi^icnl  sijjtjifif-tnipe. 

General  Pbyaioloeical  Importance  of  Bile. — Tlie  physiological  value 
of  bile  has  l)een  referred  to  in  s{>eaking  of  its  several  constituents,  but  it  will 
I»e  convenient  here  to  restate  lh(se  facts  and  to  add  a  few  remarks  of  general 
iuler**si.  Bile  is  of  importance  as  an  excretion  in  that  it  removes  from  the 
body  waste  produrts  of  metaWisin,  such  as  cholesterin,  lecithin,  and  bile- 
pigments.  With  reference  to  the  pijjments,  there  is  evidence  to  show  that  a 
part  at  least  may  l>e  renbsorlied  while  jwLssing  through  the  intt-stine,  and  Ikj 
Useil  again  in  some  way  in  the  bnly.  The  bile-acids  represent  eud-pHHlucts 
of  metabolism  involving  the  proteids  of  the  liver-cells,  but  they  are  undoidit- 
€dly  real)s*)rl»ed  in  part,  ami  crumot  l»e  rt'ganlc<l  merelv  as  excreta.  As  a 
digestive  se<'retiou  the  most  iini>ortant  function  attributeil  to  the  bile  is  the 
pirt  it  takes  in  the  digestion  of  fats.  In  the  fii^t  place,  it  aids  in  the  splitting 
of  a  part  of  the  nc-utnd  fats  and  the  subsequent  emnlsification  of  the  re- 
mainder (p.  .307).  MoH'  than  this,  bile  aids  materially  in  the  abs4>rption  (»f  the 
digestetl  fats.  A  nnmlM*r  of  ol>Hervers  have  shown  that  when  a  iwrmam-nt 
biliary  tistula  is  made,  himI  the  bile  is  thus  prevented  from  ix*aching  the  intes- 
tinal (-anal,  a  large  pro|>ortion  of  the  fat  of  the  food  est-apcs  obs<»r]>tion  anil 
is  found  in  the  feci.'s.  This  prtipcrty  of  the  bile  is  known  to  de]>end  u|Hin 
the  bile-acids  it  ctmtains,  but  how  they  act  is  not  clearly  understood.  It  waa 
formerly  iKdieved,  on  the  basis  of  some  experiments  by  von  We^ilinglmusen, 
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tliat  the  bile-acids  flksolve  or  mix  with  the  fats  and  at  the  saiiio  time  moisten 
the  mucous  membmno,  and  for  these  reasons  aid  in  bringing  the  fat  into 
inimwliiitt;  oontnct  with  iho  cpithflial  cells.  It  was  stated,  fVvr  insrance, 
that  ail  rises  liigher  in  cupillurv  luburt  innistene<i  with  bile  than  In  similar 
tubes  moistenwl  with  water,  and  that  oil  will  filter  more  readily  thron^h 
paper  moistono<i  with  bile  than  ihrouLT^  pnjM-r  wt^t  with  water.  (.fro|K'r,'  who 
repeated  these  ex|)ennu'nts,  linds  thut  they  are  ernmetiiis.  It  seems 
certain,  however,  that  the  bile-aeidis  enable  the  bile  to  hold  in  solntiuu 
a  considend»Ie  qunntity  of  fatty  acids^  anil  possibly  this  fact  explains  its 
conneeticn  witli  fiit  absorption,  Tt  wa^^  fortjierly  believe<l  that  bile  ib 
also  of  ^reat  iniportanee  in  rerttrainintr  thn  processes  of  jmtretaetion  in 
the  intestine.  It  was  asserted  that  bile  is  an  efficient  antiseptic,  and 
that  this  property  comes  inti)  use  noniially  in  preveniintr  excessive  putre- 
faction, liiicteriological  exjM'rinients  made  by  a  nninl)er  4if  oltsc^rvei-s  have 
shown,  however,  that  bile  itself  has  ver>'  feeble  antiseptic  pro}K'rties,  as  is 
indicat*^!  by  the  fact  that  it  pntiv-fies  readily.  The  free  bile-acids  and  cholalic 
acid  do  have  a  <liavt  retanliug  viXwx  upon  putrefactions  outsi<le  tlie  Iwxly ; 
but  this  action  is  not  very  pronounced,  and  has  not  been  demonstrated  satis- 
fictorily  for  bile  its^'lf.  It  seejns  to  Ijc  j^encrally  tnic  that  in  ca.ses  of  biliary 
fistula  the  feces  liave  a  vciy  fetid  odor  when  meat  ami  fat  are  tiken  in  the 
food.  But  the  increased  putrefaction  in  those  cases  may  possibly  be  duo  to 
some  indirect  result  of  tlie  withdrawal  of  bile.  It  has  been  sujrgested,  for 
instanre,  that,  tlio  deficient  absorption  <if  fat  that  folhiws  upon  the  removal 
of  the  hilo  iv-iults  in  the  piNitei<l  and  i-arlx^hy dnu<'  material  becominij:  cttated 
with  an  insoluble  layer  of  fat,  sfi  that  the  |M:*netrali4jn  of  the  dig;estive  enzymes 
is  jx'taided  and  grcatiT  opportunity  is  given  for  the  actiim  of  bacteria.  We 
niav  conclude,  therefore,  that  while  there  does  not  seem  to  be  siiilifii-nt  warmnt 
at  present  for  l>elievtng  that  the  bile  exerts  a  direct  antisi'ptic  action  upon  the 
intestinal  contents,  nevertheless  Its  presence  limits  in  sonic  way  the  extent  of 
j)iitivfaction.  Lastly,  bile  takts  a  direct  part  in  suspending  or  destroying 
peptic  digestion  in  the  acid  chyme  forced  from  the  stomach  into  the  diKHlenum. 
The  chvnic  lUH'tinjj^  with  bile  anil  puiicrtatic  juice  is  neulralJKetl  or  is  made 
alkaline,  which  alone  woidd  preverit  further  jK'ptonixation.  Moreover,  when 
chyme  an<l  bile  are  mixed  a  precipitate  oecurs,  e^insistinjj;  partly  of  proteids 
(proteoses  and  syutonin)  and  partly  of  bile-acids.  It  is  probable  that  p-p-iin. 
acc*)rdiuij  to  its  well-liinown  property,  is  thrown  down  in  ttiis  fi(H-culeut  pn-- 
cipitate  and.  as  it  wer*%  prepannl   for  its  destruction. 

Glycog-en. — One  f>f  the  most  inij^ortaut  functions  of  the  liver  is  the  for- 
mation of /////cor/m.  This  snl»stan4t^  was  (ountl  in  the  liver  in  18o7  by  Claude 
Bernard,  and  is  one  of  several  brilliant  discoverii-s  made  by  him.  Gly(!0»ren  has 
the  formula  (C(,H,oO,)n,  which  is  also  the  general  formula  ^\qx\  to  vegetable 
starch;  givcogcn  is  thercftHv  frequmitly  spf»k(^u  of  as  *' animal  stan-h."  It 
gives,  however,  a  ixirt-wine-red  color  with  iotline  solutions,  iuste:ul  of  the 
familiar  deep  bltie  of  vegetable  starch,  and  this  reaction  serves  to  detect  glyco- 
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not  only  in  ita  solutions,  but  ulso  in  the  liver-cells.  Glyoojyon  ie»  readily 
snlnble  in  wator,  and  the*  solution)^  have  a  riuiraotiTistic  tipuloM'^-ni  apjK-anuitv, 
lAkv  i^tarc'li,  glyrojjt'U  is  ucteti  upon  by  |jiyiilin  and  aniylopHin,  and  tlii'  tnd- 
priKiutitH  are  upiKircntly  ihr  sjiinr — nnnicly,  maltose,  or  multose  and  »onic 
dextrin.  For  a  more  (^oruplctf  lU'count  of  tlie  clKmncal  relations  of  glycogooH 
rc'foront^c  must  be  made  to  the  Clu'niira]  wotion. 

Occurrence  of  Glycogen  in  the  Liver. — Cilyougrn  van  lie  detected  in 
the  liver-cells  niieroscopiiiilly.  If  (lie  liver  of  a  dog  is  removed  twelve  oMJ 
fourleon  hours  after  a  iK-arty  meal,  bar(k*ne*l  in  alofliol,  and  sectione<l,  the* 
livor-cells  will  Ik?  found  to  eotitaiti  c*Iumi]>s  of  elear  material  which  give  the 
iodine  rcacrtiou  for  glycogen.  Plveii  when  distinct  aggregations  of  the  glycogen 
cannot  be  made  out,  iL-^  presence  in  the  <rlls  is  shown  by  the  retl  reaotiiHi  with 
iodine.  By  this  simple  met  In  id  one  can  demonstrate  the  im|>ortant  tact  that 
the  amount  of  giveogen  in  the  liver  increases  atler  meab  anfl  de<'reaHCrt  again 
during  llie  i'listirig  hours,  and  if  the  fa?t  is  sutlieienlly  pnih»nij:e<i  it  may  dis- 
apjx'ar  alt<tgether.  Tliis  fact  is,  however,  shown  more  siUisfaetdrily  by  cpianti- 
tative  determinations,  by  cfiemind  means,  of  the  total  gly^-ogen  pn*sent.  The 
amount  of  glyef>gen  present  in  the  liver  is  quite  variable,  being  inlliteni^  by 
such  conditions  as  the  character  and  amount  of  tlic  food,  muscular  exercise, 
lxKly-tem|H'ratun.',  drugs,  etc.  From  determinations  made  upon  varioiis 
animals  it  may  be  saiil  that  the  average  amount  lies  between  1.5  and  4  per 
irnt.  of  the  weight  of  (he  liver.  But  this  amtmnt  may  be  increase^l  greatly 
by  fee<iing  U|»nn  a  diet  larg<*ly  made  up  of  cstrbohydrates.  It  is  said  that  iu 
the  dog  the  total  amount  of  Iiver-glyci>geu  may  be  raised  to  17  |kt  eent,,  and 
in  the  nd>l)it  to  27  |wr  cent.,  by  this  meiuis,  while  it  is  pstimate<l  for  man 
(Ncumeister)  that  the  quantity  nuiy  Ixi  incivaAil  tt>  at  lea-^t  lU{)crtx'nt.  It 
is  usually  believe<l  that  glycogen  exists  as  such  in  the  liver-cells,  being  deprjs- 
itcd  in  tiie  substam-e  aC  the  cytoplasm.  Reasons  have  Iwen  brotiglit  forwaitl 
axTutly  to  show  that  j)06sibly  tliis  is  not  strictly  true,  but  that  the  glycogen  Ls 
held  in  some  sort  of  weak  chemicad  combination.  It  hits  Ix-en  shown,  for 
instance,  that  although  glycogen  is  easily  soluble  in  cold  water,  it  cannot  be 
extracteil  readily  from  the  liver-4i'llr»  by  this  agent.  One  must  use  hot  water, 
salts  of  the  heavy  metals,  and  otlu?r  similar  means  that  may  be  sup|)osed  to 
hnak  up  the  combination  in  which  the  glycogen  exists.  For  practical  purji*x«»es, 
however,  we  may  spivik  of  the  glycogen  as  lying  fr(>e  in  the  liver-cells,  just  as 
we  sfMnk  of  luemi.nrlobin  existing  as  such  in  the  nnl  ci>rpusclef*,  although  it  is 
probably  held  in  s<ime  sort  of  combination. 

Origrin  of  Glycogen. — To  understand  ch>arly  tlie  view**  held  iis  to  the 
origin  of  liver  glycogen,  it  will  l)e  necessiiiy  to  describe  brietiy  the  etleet  of 
tlie  different  fotxl-stufls  u|>on  its  formation. 

EffiT^  tif  Carholi}jih*aici*  tm  the  Amount  of  Glycofjrn, — The  amount  of 
glycogen  in  the  liver  is  affected  \i^vy  quickly  by  the  quantity  of  carUihydrates 
in  the  foo<l.  If  the  earlx»hydrates  are  given  in  excess,  the  supply  of  glyajgen 
may  be  increaswl  largely  l)eyond  the  avenige  amount  present,  as  has  been  stjitcd 
alw>ve.     Investigation  of  the  different  sugars  has  shown  that  dextrose,  levulose, 
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saccharose  (cane-sugar),  and  maltose  are  unquestiouablv  direct  glycojjeii-former?, 
tliat  is,  that  glvrofjeti  is  fSimii^d  directlv  fnim  *h*^m  or  from  the  products  into 
which  ilu'v  are  LNiuverted  diiriiijx  tiijj^'Hlioii.  Now,  our  studios  in  dijrestion  have 
shown  that  tlie  staix'hes  arc  tMuiverted  iuto  maltose,  «ir  maltosL'  and  dextrin, 
during  digestion,  and,  further,  tliat  tliese  substances  are  changed  or  inverted  !o 
the  simpler  sugar  dcxtnisc  during  ahsi»r]t(i(tn.  Cnne-sufjiir*  wljieli  fiirms  such 
an  ini|>ortant  jwrt  of  our  diet,  is  invcrtt^d  in  the  iiitestiiu-  into  dcxtnise  and 
Icvnlose,  and  is  absorbed  in  these  fonns.  It  is  evidunt,  therefore,  tJiat  the 
hulk  of  our  cjirhohydrntt*  \\nv\  rt^airlies  ll»e  liver  ns  dt'xtnise,  or  as  dextrose 
and  IcvuioK*,  and  tJiese  forms  of  sugar  must  be  converted  into  glycogen  in  the 
liver-cells  by  a  pmcess  of  dehydration  sucfj  ua  may  be  repn'8ente<l  in  8ub8tan<'c 
by  the  fopnuila  <'«H,,.(  >,  -  H,< )  =  (;M„(>,.  There  is  no  douhl  tlmt  lioth 
dextrosi?  andlevidost?  increase  niarkL'dly  the  ani<jtuil  of  glycogen  in  the  liver; 
and,  since  cane-sugar  is  invertwl  in  the  intL-stine  before  alintrption,  it  alwi  nnist 
be  a  gO(Kl  glyciigen-fonner — a  tact  that  !ms  been  abundantly  di-aionstrated 
by  dire^'t  cxfH-rimiiut.  Liisk  '  liaM  shown,  however,  that  if  cane-sugar  is  iu- 
jecteil  under  tlie  skin,  it  has  a  very  feeble  eflect  iu  the  way  of  increasing  the 
amount  of  glycogen  in  the  liver,  since  under  these  conditions  it  is  prolwbly 
absorljcd  into  the  ULkkI  wilhfiiit  undcrgraiig  inversion.  ExiH;riments  with  sub- 
cutaneous injection  of  lactose  gavi^  similar  resulls,  and  it  is  gt*nei*ally  believed 
that  the  liver-cells  cannot  convert  the  double  sugars  to  glycogen,  at  least  not 
readily;  liencc  the  vaha*  of  the  hydrolysis  of  these  sugars  in  the  aliriientary 
i^nal  iKi-fore  ai>sorption.  The  relations  of  lactusc  to  glyeogen-tormation  have 
not  been  determined  satisfactorily.  If  it  wntribules  at  all  to  the  direct  forma- 
tion of  glycogen,  it  is  ttM'tainly  less  efficient  tlian  dextrose,  Ievulf>se,  or  i^ne- 
flugar.  VV^hen  flic  pro|K)rtion  of  lactose  in  tliM  diet  is  nincli  incn^ast^d,  it  rpiickly 
b^ins  to  apiKiif  in  the  urine,  showing  that  the  limit  of  its  itinsiunption  in  the 
hotly  is  soon  rcache<l.  This  latter  fact  is  somewhat  singular,  siuee  in  infan4"y 
especially  niilk-sug:ir  forms  a  constant  ami  im[)ortaut  item  uf  our  diet,  and 
one  Would  suppctsc  that  it  is  especially  ada|>ted  to  the  neeils  of  the  UkIv. 

Effect  of  Prott'ids  on  Glycogen-fon^uximi, — It  was  |)oiuted  out  by  Bernai'd, 
in  his  first  stmlics  upon  glycogen-fonnatinn,  that  tlie  liver  r-au  priwlnce  glycogen 
from  ]n'otcid  food.  This  e(>nclnsion  has  sinc<^  Ik^mi  vcriH(>d  by  more  exacrt 
investigntiitns.  When  an  aniaial  is  fid  u|hpii  u  dift  of  jnvjteid  alone,  or  on 
proleid  and  gehttiii,  the  (lU'lNihyd rates  lieing  rntiiely  excluded.  gly<'Ogen  is  still 
formwl  in  the  liver,  although  in  snuiller  amounts  than  in  the  case  of  carbohy- 
drate foods.  This  is  an  inijiortant  fact  to  reniendjcr  in  studying  tlie  nietalKV 
lism  of  the  proteids  in  the  btnly,  ibr,  as  glycogen  is  a  carlHiliydi-ate  and  et>n- 
tains  no  nitrogen,  it  implies  that  the  proteid  molet-nle  is  dissi,x'iated  into  a 
nitrogenous  ami  a  non-nitrogenous  part,  the  latter  lK;iug  converted  to  glycogen 
by  the  liver-cells.  The  pc^ssibilily  of  the  prtKluetion  of  glycogen  from  proteids 
accords  with  a  welKknown  fact  in  niediral  jiractice  with  reference  to  the  pitb- 
ologicai  condition  known  as  (Ualn'ici^.  In  this  disease  sugar  is  excrete<I  in  ihe 
urine,  sometimes  in  large  quantities.  As  the  sugar  of  the  blood  is  Ixdieved 
1  VoU:  Ztiuckrijlj^r  BiohgU,  1891,  xxviii.  S.  2t». 
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ti)  \w  foriiuHl  iinlimirily  from  tin*  airlMtliydrato  in  the  fiMxl,  it  was  thmi^lit 


tlmt  li 


■hhlintr  this  forxl-stnlT  fnun  lliv  iVwi  th< 


xort'lion  ot  Hiigar  tni^'lit 
he  prt'Vonlod.  It  ha-  hciii  iliiiiiti,  Imwovcr,  tliat  in  sovere  fasi-s  ut  k-ast 
»\\ffLT  coutinatrft  to  bo  present  in  the  urino  even  upon  u  pure  protciil  diet  If 
wc  suppose  that  s<:»nM'  *'t'  (hr  ]>r<»tt'r<l  pH*s  t<j  Inrni  ^lycogi'n^  tlie  result  oIh 
siTve<l  is  explained,  for  die  givr<n^'(  n,  ad  will  i»e  cxphiined  presently,  is  finally 
converted  ia  aw^av  ami  in  given  (>ff  to  the  bl««nl.  An  interesting  additional 
faot  that  points  to  tht^  siuiit'  eDuehisitin  is  that  tlie  iwrcfntag**  of  snpir  in  the 
I)1o<hI  remains  practically  eonsUtnt  after  prolfMJged  starvation,  at  a  time  wlitn 
(he  luiimal  is  living  at  rhe  exjiense  of  the  prot^'ids  an<l  fats  of  its  own  liodv. 

Ejf't*'/  nf  Fain  and  other  Sufjtttancen  upon  (lii/cftf/rtt-formniinn. — It  Ims  been 
found  that  fats  t;ike  no  part  in  the  formation  of  liver  jjlyroj^pn.  S<tme 
atti-nipts  have  IxM-n  made  lo  prove  that  Hit  in  the  IkmIv,  un^l  |mrtic*idarly  in 
the  liver,  may  l»e  convert^l  to  sugar,  l)nt  the  evidenw  at  present  seems  to  l»o 
ag:unst  this  |M>ssibility.* 

The  Function  of  Glycogren  :  Qlycogenic  Theory. — Tiie  meaning  of  the 
formation  of  glye*)gen  in  the  liver  has  l>een,  and  still  is,  the  subject  of  discus- 
sion. The  vi<'w  advaneed  first  by  Hcnuird  is  pcrliaps  most  getiemllv  aoct'}»ted. 
Aeeording  to  R-rnard,  glyrngcn  forms  a  tenip<m*rv  reserve-  supply  of  earbo- 
hydratc  matiTial  that  is  laid  up  in  the  liver  during  dig»\*;tiou  and  is  gradually 
made  use  of  in  the  intervals  between  meals.  During  digestion  the  t^rl)ohy- 
drate  f»MMl  is  al^surUMl  into  the  bliM»d  c»f  the  jMirtal  system  as  dextri>se  or  ;ts 
dextrose  an<l  levulose.  If  these  pH.^seil  through  the  liver  uni'hangtHJ,  the  eon- 
tents  of  the  systeniie  blood  in  sugar  would  be  inere:i»e<l  perceptibly.  It  is  now 
known  that  wljen  the  peivi-entage  of  ?rngar  in  the  blcMJ  rises  above  a  certain 
low  limit,  the  exi-ess  will  be  exerete«l  ihrongh  the  kidney  and  will  !>•  lost. 
Hut  as  the  blood  fr(»m  the  digestive  organs  [lOsses  tlirough  tiie  liver  the  cs- 
cees  of  sugar  Is  abstniettNl  from  the  b]o<Hl  by  the  liver-rells,  is  dehydrutttl  to 
make  glycogen,  and  i?^  I'etained  in  the  cells  in  this  form  for  a  short  period. 
From  time  to  time  the  glyct^u  is  rcccmverteti  into  sugar  (dextrose)  and  is 
given  off  to  the  bbMnl,  By  this  fueans  the  iKTivntage  of  sug:ir  in  the  systemic 
b]o«Ml  is  kept  neiirly  constant  (O.l  to  O.'i  |X'r  cent.)  and  within  lunits  l»c>t 
adnpti'fl  for  the  use  of  the  ti.ssues.  The  gn'nt  imjiortance  of  the  tormation  of 
glycogen  and  the  consequent  conservation  of  the  sugar-supply  of  the  ti^-ui^^  will 
be  more  evident  when  we  t'omc  to  consider  the  nutritive  value  of  cjirlxihydrate 
food.  Carbohydrates  form  the  bidk  of  our  usual  diet,  and  the  projKT  regula- 
tion of  the  supply  to  the  tissues  is  therefore  of  vital  im|Hiitane«»  in  the  main- 
tenance of  a  normal  liwdthy  condition.  Thi*  setxmd  |Kirt  of  this  thenry,  which 
imhls  that  the  glyn»gcn  is  iH-iiinverted  to  dextrose,  is  •^npiiorte^l  by  ol>servations 
U]>on  livers  removed  fi'om  the  body.  It  ha*?  Iteen  found  that  shortly  after  the 
ivmoval  of  tlie  liver  the  ^*n]»ply  of  glyci»gen  lK»gins  to  disap|>ear  and  a  corit^ 
sponding  ineivjise  in  tlextrose  occni^.  Within  a  comfiarativcly  short  time  all 
die  glycogen  is  gone  and  only  dextrose  is  found.     It  is  for  this  reasim  that  in 

*  Kiimaffawa  anil  Minra:  Arehiv  /Gr  AwUfrtnif  umi  Phjfu'uitoffitt  {**Phr»\(i\,  Altttieiliing"), 
1808,  8.  431f  cunUin*  also  reference  to  tb«  literature  of  the  subject. 
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die  ostiniatuin  of  glycogi-n  in  thf  li\  ir  it  is  necessary  to  miiK'e  the  orgiiii  ami  to- 
throw  it  into  Ijoilin^  wutor  its  qiiit-kl y  us  jjossihlr,  since  by  tliis  means  the  liver- 
rclli^  are  killtnl  ;unl  the  eonvi-rsiou  uf  the  glyeii^en  in  ^tn|tji(M].  llt)\v  the 
giyeogen  is  ehungetl  io  Uextrnsi'  l>y  tlie  liver  is  it  mutter  not  fully  exphiined. 
Acconling  to  some  aiitluirs,  tlie  eon  version  is  <Uie  to  an  enzyme  pnxlueod  in 
the  liver.  Extracts  of  liver,  Jts  of  some  other  tissue;*,  flo  vieltl  an  :rri»vhtivtic 
enzyme  that  ehanges  giyeogen  to  dextroK'.'  It  is  possible,  therefore,  that 
the  eonversion  of  gly(^ogen  to  ih'xtrose  is  effeeted  by  a  speeial  enzyme 
pro<lnoe*l  in  the  liver-eellp.  In  this  (hveriptinn  of  the  origin  and  meaning 
of  tlie  iiver  glyeogi'n  rffrn-nei'  lias  hecn  niailr  onlv  1u  ihr  glveo^en  deriveil 
directly  froiu  4ligeste<l  earhohydrates,  Tlif  glycogen  *h'rived  from  prcfteid 
foods,  onoe  it  is  formed  in  the  liver,  ha.s,  of  course,  tlu>  same  functions  to  fulfil. 
It  i??.  eonverte<l  into  sugar,  an*!  eveutuallv  is  oxidized  in  the  tissues.  For  the 
«ake  of  e^Jtupleteness  it  may  he  well  to  add  that  Hime  of  the  hugar  of  (lie  blood 
formed  fmm  the  glycogen  may  untler  certain  conditions  be  converteil  into  fat  m 
tlie  adipose  tissues,  instead  of  Ijeing  burnt,  and  in  this  way  it  may  1m^  retained 
in  tiie  biH^ly  as  a  reserve  stij^ply  of  foot!  of  a  more  stable  elmr.icter  than  is  the 
glycogen. 

Glycogen  in  the  Muscles  and  other  Tissues. — Tlie  history  of  glycogen  is 
not  complete  witiiout  s*jmo  relereiu-o  to  its  (xvuri-cnee  iu  the  muscles.  Glycogen 
ig,  in  fact,  found  in  various  places  in  the  IkkIvj  and  is  \videly  dii?tributed  through- 
out the  animal  king<]uni.  It  •^rurs,  for  example,  in  leucofytes,  in  the  plae«.mta, 
in  the  rapidly-growing  tissues  of  the  embryo,  and  \\\  eonsideralde  abundance  in 
the  (»ys-tcr  ami  other  molluscs.  But  in  our  Ixwlies  ami  in  thos*^  of  the  mam- 
mals genenilly  (Ih-  most  significant  oeenrn-nce  of  giyeogen,  outside  (he  liver, 
is  in  tlie  vi>luritary  nmwlrs,  of  whicli  glycogi/u  forms  a  normal  roiishtiimt.  It 
has  V>een  estimated  that  tlie  jicrcentage  of  glycogen  in  resting  musele  varies 
from  0.5  to  0.9  per  cent.,  and  that  in  the  masculature  of  ihe  whole  IkhIv  there 
may  \yv.  contained  an  amount  i»f  giyeogen  etjual  to  that  in  the  liver  itself. 
Apparently  nujseular  tisijue,  as  well  as  liver-tissue,  has  a  glycogenelic  func- 
tion— that  is,  it  is  capable  of  laying  up  a  supply  of  giyeogen  from  the  sugar 
brought  to  it  by  the  blofHl.  The  glvcogenetie  finiettun  of  uuisele  i»as  l)een 
demonstrated  directly  by  Kidz,"  who  has  sbuwu  thai  an  is^date*!  muscle  irrigated 
with  an  artificial  supply  of  blooil  to  which  dextrcjse  had  l)een  added  is  aipable 
of  changing  the  dextr<»so  to  glv^'ogeUj  as  nhown  by  the  inciva.se  in  the  latter  sul)- 
stanee  in  the  nui-^cle  after  irrigation.  Muscle  glycogen  is  to  1k'  looked  ufion, 
probably,  tor  n'Jisims  to  be  mentioned  in  the  next  ]Kiriigrapli,  as  a  tempnrapy 
and  local  reserve  supply  of  material,  so  that,  while  we  have  in  the  liver  a  hirge 
genend  depot  for  the  temporarv  stitrat^e  of  gly<'«>gen  for  the  use  of  the  b<xly  at 
large,  (he  tausenlar  tissue,  which  is  the  nujst  active  tissue  of  the  bo<ly  from 
a  chemical  standpoint,  is  also  capable  of  laying  up  in  the  form  of  glycogen 
any  exc**ss  of  sugar  })rought  to  it.  The  fa<'t  that  glycNigen  occurs  .so  widely  iu 
the  mpidly-growing  tissues  of  embryos  indicates  that  Lliis  glycc^uetic  func- 
tion may  at  times  be  exercised  by  any  tissue, 

*  Ttbh:  Journal  of  Phfniolaf/it,  181)7-W.  vol.  xxii.  p.  423. 
'  Zdisrltri/t  Jvr  Biologie^  ISyO,  S.  2S7. 
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Conditions  AfTectiner  the  Supply  of  Glycogen  in  Muscle  and  Liver. — 
In  a<'<'on-la!icc  with  tlu'  \\v\y  y;ivon  ulxivc  of  tin-  gfnritil  valiu'  ot*  ^lycd^iii — 
nanii-lv,  tliat  it  is  a  t^'ni}H>i'urv  n'.srrve  t^upply  of  I'arUilmlnitv  iiiutt't'iat  tliut 
nniv  Im?  rapidly  converti*<J  U)  nugar  and  oxidi/AHl  with  tho  liUtTatioii  of  cjut^v — 
it  Ls  found  that  tliesiipnlvof  ^Ivt'i^cii  is^n-atlvatloctwl  hyeoiulitionficiilliiijri',,r 
imTcnsed  nu'tnholisni  in  tht*  hndy.  Miisciiliir  ("Xi^nnpc  will  qnifkly  rxhaust  the 
supply  of  nuisi'h'  and  liver  j^dyt'i»^('n»])rovid('d  it  ik  not  ri'iKWrd  by  ik*w  ffMxl, 
In  a  starving  animal  glyt'oj^n  will  finally  disap|)ejir,  exoept  perliai^w  in  traces, 
but  this  disiipiR'araiice  will  wcnr  n»?]([i  MMincr  if  tlif  animal  is  nmdo  t«t  uhc  its 
nnist'lfs  at  tlir  Nitne  time.  It  has  httMi  .->hi)Wii  al.-.(»  hy  Monit  and  Diilourt  liiat 
if  a  niusc^le  lias  been  made  to  contract  vigoronsly,  it  will  takv  up  muoli  more 
sugar  from  an  artificial  >nj>|»lv  of  MoimI  sent  through  it  than  a  similar  itm;?<^'le 
which  has  Wn  resting;  *»n  ilic  oilier  haiiil,  it  iuis  Urn  found  (luiL  if  tlie  nerve 
of  one  leg  IS  cut  so  as  to  paralyze  the  muHclcs  of  that  side  of  the  boily,  the  amount 
of  glycogen  will  inen^asc  rapidly  in  tliese  rnnscles  as  cumpnnnl  with  th<)si^  of 
tlie  other  leg,  that  fiave  been  contnictiug  meantime  and  UMing  up  their  gfyeogen. 
Formation  of  Urea  in  the  Liver. — The  nitrogen  contitine*!  in  the  |)roteid 
material  of  our  fo«Kl  is  finally  eliminutcHl,  after  th(»  metalxilism  of  the  phfleid 
is  cfimplctwl,  mainly  in  tfie  form  of  nn^.  As  will  Ix-  ex[>hiiueil  in  anttther 
part  of  thissectiiiu,  it  has  Imh-'o  detiniliv^'ly  provi^l  that  the  urea  is  not  formed  in 
the  kidneyp,  the  organs  that  eliminate  it.  It  has  long  been  considered  a 
matter  of  the  greatest  ini|>(irtance  to  ascertain  in  what  org-an  or  tissnew  urea  is 
fornn»<I.  Investigations  havegf>ne  *io  far  as  todenjonstrate  that  it  arises  in  part 
at  least  in  the  liver;  hence  the  [)ro|)erty  of  forming  urea  nuint  be  addt^l  to  the 
other  im|Kirtanl  fumtioiis  of  the  liver-cell.  Schnkler '  porforme<l  a  tmmlKT  of 
experiments  in  which  tla'  liver  was  taken  fmtu  a  freshly-killed  dog  and  irri- 
gated through  its  bloml-vessels  by  a  stipply  of  blood  obtaint^l  from  another 
dog.  If  the  Mipply  iif  MitTKl  was  taken  fmni  a  ia>ting  animal,  ihcn  cir<'tdating 
it  thriHigh  (he  isnlated  liver  \v;is  not  acttMniKiuie^l  by  any  increase  in  the  amount 
of  ureji  contained  in  it.  If,  on  the  c^*ntr;irv,  the  blood  was  obtain(*d  from  a 
well-tWi  dog,  the  amount  of  tnva  contained  in  it  was  disiincilv  increase*!  bv 
{kOHidiitg  it  tiirongh  the  liver,  ifinn  in<lk-ating  that  the  Idooil  of  an  animal  after 
digestion  contains  Himithiug  lliat  the  liver  ean  convert  to  urea.  It  t.s  to  be 
note<],  raoriHiver,  that  this  power  is  nut  po^sesse«l  by  all  tlie  organs,  since 
blo(Kl  from  well-ii'*l  animals  showfil  no  iiirniisc*  in  urea  after  being  circu- 
lated thntugh  an  indaled  kiducy  or  muscle.  .Vs  further  pro<>f  of  the  urea- 
ft»rming  jMiwer  of  the  liver  Schrikler  found  that  if  ammonium  carbonate  was 
adthnl  to  the  bIfHMl  ciriMdatini*  through  the  liver — to  that  from  tlie  fasting  ad 
well  a**  from  tlie  weli-n4Mirishe4l  animal — a  very  decided  increa.se  in  the  urea 
always  follow4'<1.  It  follows  fmni  the  laut  experiment  that  the  liver-cells  are 
able  to  convert  carl>onate  of  ammonium  int^i  urea.  The  reaction  may  be  ex- 
pressed by  the  equation  (NH;)/XJ.,— 21i5C)=< '<)\,H,.  .St-hondortf*  in  some 
later  work  showed  that  if  the  bloo<l  of  a  fa.sting  dog  is  irrigated  through 

'  Artkivjiir  erpfrimrntctte  /\»tAofoyi>  vnd  PharmaMo^^  Bde.  XT.  and  xix^  1882  and  ISSA. 
■  i^fHigtt'M  Arekivftir  dU  <jf»amMU  PAyno/o^V.  I8»n,  Bd.  lit.  S.  •120. 
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the  hind  logs  of  a  well-nourished  animal,  no  increase  in  urea  in  the  blood  can 
Ik"  detected ;  l>ut  if  the  blootl,  after  irrigrnrion  through  tlu^  hinrJ  legs,  is  stibsc- 
<iueiitly  pii'wed  throuj^h  the  livei\  a  luarkt^l  inci'fa'^e  in  una  result'^.  Ohvionsly, 
the  blcKid  in  this  exiKTiineut  derivt'?*  wtniethlng  from  the  tissues  of  the  h»g 
which  the  tissues  theni:?elvos  wmnot  eonvert  to  uren,  but  whieli  the  liver-cells 
can.  Finidly,  in  some  remarkable  expLTinients  upon  doj^  made  by  four  in- 
vestigators (Ilahn,  MiLssen,  Xencki,  and  Pawlttw),  which  will  l>e  de&criUtl 
hn'erty  in  the  next  section  in  connection  with  urea,  it  was  shown  tliat  when 
the  liver  is  pnit-tirally  destroyed  there  is  a  distinct  diminution  in  the  urea 
of  the  uriiH'.  In  birds  uric  arid  t:ik*'s  the  phw^e  of  urea  a<  the  main 
nitrogenous  excretion  uf  the  body,  and  Minkmvski  has  ^lnjwn  that  in 
them  removal  of  the  liver  is  followed  by  ati  iin]H»rtant  diiiiii)iiti(»it 
in  the  atnount  of  iiriit  a<  id  excreted,  Knun  rxjM-riitient.H  such  as  thcHC 
it  is  safe  to  eoiielude  tliat  urea  is  fornieil  in  the  liver  ami  is  then  given  lo  tlje 
bluotl  and  excreted  by  the  kicjney.  When  we  come  to  describe  tlie  physiologlcjd 
Idrftory  of  urea  (p.  334),  an  account  will  be  given  of  the  views  held  with  regard 
to  the  antecedt'iit  suijstancc  or  snbstamvs  fi-oni  which  the  liver  j>roduces  urea. 
Pliysioloery  of  the  Spleen. — !Mn<-h  has  l)eeu  i?aid  and  written  about  tlie 
spleen,  but  we  are  yet  In  llie  dark  a.s  to  tlie  distinctiv*.'  Amotion  or  functions  of 
this  organ.  The  few  facts  that  are  known  may  be  sialud  briefly  without  going 
into  the  details  of  theories  that  have  been  oHcred  at  one  time  or  another. 
The  older  experimenters  denioustrated  tlmt  this  ui^n  may  be  removed  from 
the  IxkIv  without  serious  injury  to  the  animal.  An  incix-ase  in  the  size 
of  the  lyniph-glaiitls  and  of  the  biinc-marrow  lias  been  slated  (o  occur  after 
extirf>ation  ;  but  this  is  denied  by  others,  anil,  whether  true  or  not,  it  gives 
but  little  clue  to  the  normal  functions  of  the  spleou.  Laudinbarh  '  finds  that 
one  result  of  the  RMDuvai  of  the  spleen  is  a  niarkeil  diminution  in  thu  niiniljer 
of  i-ed  corpuscles  and  the  quantity  of  heemoglobin.  He  infers,  therefore,  tliat  the 
sploen  is  normally  tw^tuvrned  in  some  way  in  tlie  formation  of  red  c<trpusi'les. 
These  facts  are  signiliamt,  but  they  need,  perhaps,  further  couHrmatiou.  The 
most  definite  facts  known  alwut  the  splei'n  are  in  connection  with  its  move- 
nieuts.  It  has  l)een  shown  that  there  is  a  slow  ex|>ansiou  and  *iiinn»ction  of 
the  oi^m  synchronous  with  the  <ligestiou  perimls.  After  a  nicnl  the  spleen 
Iw'gins  to  incirnse  in  size,  reafhing  a  maximum  at  alhait  the  fifth  hour,  and 
then  slowly  returns  t4>  its  previous  size.  This  movement,  tlie  meaning  of  which 
Ls  not  known,  is  probably  due  to  n  slow  vaso-diiatatlon,  togt^thcr,  jw'rha|is,  with 
a  relaxation  of  (he  tonic  contniction  of  the  mustiilatnre  of  the  tridiernhe.  In 
addition  to  this  slow  movement,  Roy*  has  shown  that  theiv  Is  a  rhythmic 
contraction  and  relaxation  of  the  t>rgan,  *HN'urring  in  <\\\js  and  dogs  at  intervals 
of  al^ut  one  minute.  Roy  snpjxjses  that  these  contractions  are  effected!  through 
the  intrinsic  mnacnlature  of  the  organ — that  is,  the  plain  muscle-tissue  present 
in  the  capsule  and  tndx'i'uhr — and  [»c  believes  tliat  ihc  contractions  serve  to 
kwp  up  a  circulation  through  the  spleen  and  to  make  its  vascular  sn[)piy  more 

^  OcntralhittH  Jva-  I%jgvAogif^  186^,  Bd.  ix.  S.  I. 
*  Journal  of  Pkyn,tiogy,  1881,  vol.  iii.  p.  20;t. 
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or  less  indepondent  of  varintions  in  p^'iieml  arteria!  prcHsui*e.  These  oliserva- 
tions  are  valu;ihle  as  imlioatin^  the  inijuntamx'  of  tlie  >ipltH'n  functions.  Th<^ 
tact  that  there  is  a  special  local  arnuifr<'nicnt  for  maintaining  its  circulation 
n)akei«  the  wplecn  unique  amonp;  the  orpins  of  the  ImkIv,  hut  no  light  is  thn>\vn 
upon  tlie  nature  of  the  function  fulfilled.  The  spleen  is  suppUe*!  richly  with 
nerve-fihrt^  wlitch  when  stiiunlated  either  din^ctly  nr  rcHexly  cause  the  orpan 
to  dimini.sh  in  volume.  Acctirtling  t(»  Si-haefer.'  these  fibres  are  cuntaiued  in 
the  splanchnic  nerves,  which  carry  also  inliibitory  filjrea?  whose  8tiinulat!on  pro- 
duces a  diiatntiou  of  the  .>]»lccii. 

The  cheinicul  cympctsition  of  the  spleen  is  complicated  but  suggestive.  Its 
niincnil  ctmstituents  are  chai'ucterixed  by  a  lai*ge  percentage  «ff  iron,  which 
*ecm3  to  Ix'  ]>resent  as  an  orgiuiic  coni[»ouud  of  sfune  kind.  Analysis  shows 
also  the  pn's<'nce  of  u  iiuiuUn'  i\{  ialty  iwids,  fats,  cholesterin,  and,  what  Is 
perhaps  more  noteworthy,  a  number  of  nitrogenous  extractives  such  as 
xanthin,  hypoxanthin,  adenin,  guanin,  and  uric  ucid.  The  pr<*scnw  of 
these  bodit^  seems  to  indtRite  that  active  metabolic  changes  of  sonic  kind  m-cur 
in  the  splecu.  As  to  the  tlicories  t»f  the  splenic  functions,  the  following  may  be 
meationcd :  (I )  The  spleen  has  l)een  siipi>otse(i  to  give  rise  to  new  red  corpusf^lcs, 
ThiH  it  undouhjtNlly  diKN  during  fetid  life  mid  shortly  after  birth,  and  in  s«inie 
animals  tln'ough' Mil  life,  l>nl  there  is  no  reltabh'  evidenci*  that  the  funrtiim  Ls 
n>taincd  in  adult  life  in  man  t»r  In  nuist  of  the  manmials.  (2)  It  has  been 
supjHiHeil  to  Iw  an  orgiui'  lor  the  destruction  of  red  corpuscles.  This  view  is 
founded  partly  on  very  unsatistm'torv  microsc<ipic  evidence  aocorfliug  to  wliich 
certain  large  aujoeboid  cells  in  tlie  spleen  ingest  and  destroy  the  ohl  Rtl  orpu.s- 
cles,  and  |)art!y  uj>)n  tlu-  tart  tlial  the  spleen-tissue  seems  to  l)e  rich  in  an  ir<in- 
contaiuing  comp>U!id.  This  lhci>ry  cannot  Ik*  c(tnsidepe<?  at  present  as  anything 
more  than  a  suggestion.  (3)  It  has  been  suggested  that  uric  acid  is  [)nt- 
duccd  in  the  spleen.  This  substaiifc  is  found  in  the  spleen,  as  statiil  above, 
and  it  luu*  bcfU  sliowji  by  Hi>rl»accwsky  that  the  sph^cn  contains  a  r«nbstance 
fmm  which  uric  acid  or  xanthin  may  readily  1m:-  fttrmed  ;  but  further  investiga- 
tion has  shown  tliat  the  same  .substance  is  found  in  lymphoid  tissue  generally. 
If,  thereforc,  uric  acid  is  prtMlucctl  in  the  spleen,  it  is  a  function  of  the  large 
amount  of  ]vmphoi<l  tissue  iM>jitninetl  in  it,  and  a  function  which  it  shares  with 
similar  ti*^ues  in  the  rest  of  the  IkxIv.  The  lymphoid  ti-ssue  of  the  splwMi  nuist 
also  jHHScss  the  proiK»rty  of  pnMlucing  lyniphtK*vtcs,  since,  aecfirding  to  the  gen- 
eral view,  these  corpuscles  are  formed  in  lympljoid  tissue  generally  wherever 
the  so-calle<l  **  gcnu-centres"  occur.  (4)  Lastly,  a  thei>ry  has  been  sup|»orte<l 
by  8chiff  and  Hcrzen.  acc<inltng  to  which  the  spleen  produws  something  (an 
enzyme)  which,  when  carried  in  tfie  bknK|  to  tlie  |mncrejw,  acts  njwn  the  IryjH 
Binogcn  contained  in  this  gliind,  converting  it  into  tn.*psin.  The  cx]>cri- 
mental  evidence*  ujwn  which  this  view  rests  has  not  l>oen  c«mfimied  by  other 
observers, 

*  ProrrfiUn'j*  fj  ikr  lioyal  Socirty,  l.tti\(h->t\,  IH'.i*;,  vol.  l\x..  No.  .^W>6,  snd  Jourmil  of  I^ytioto^, 
IHOA,  vol.  XX. 
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G.    The  Kidney  and  the  Skin  as  Excretory  Organs. 

Tlu^  sorivtinn  *»('  tlio  ki<liu'vs  is  tin-  Ufiu*\  Tlio  nicaiis  Itv  whidi  tliLs  sciToti<ui 
is  prodiit^i'd,  its  relMtioiis  to  tin'  histoloj^it'iil  stnn'tiin  of  tlu*  kidney,  and  it>t*<>ii- 
ncvfnnis  ^vitll  the  Itlinxl-  and  in.'i'vr-.^ti|)jjiy  uf  that  rirguii  will  Ix*  fniind  dcwribctl 
ill  *]»i'Sfrr*ttoii  <tii  Stc-n-tiuii.  In  thissi-t-tion  will  1k'  dis<.i»sse<I  t»iily  thcrlu'inloid 
cotnpo.sitiuji  of  (irtnCj  and  rs|»<*_'ially  tlu-  phy.siolu^iful  signifiojuR-cof  itsditlV'r- 
ciit  constituents.  Tlic  uniit'  al'  niun  is  a  ycllowiri}!  liquid  varying  gn'atly  in  depth 
ofi-olnr.  It  hiit^an  nvomp.'S|Kn-ific  tjravity  iif  I*)20,  ;ind  an  arid  reaction.  The 
arid  I't-artiitn  is  not  duo  to  a  trt-t*  nM^  Imt  is  usually  attril>iui'<l  to  an  acid  «ilt, 
tht-aoid  phosjilialtroC  siKliuni  (NaH„Pt)^).  Undvr  i-rrtnin  normal  ctmdition.s 
human  urine  may  show  a  neutral  or  even  a  sliiijhtly  alkaline  ivaction,  ts-petrially 
afkr  nieids.  In  fart,  ihc  ivaction  of  the  urine  seems  to  depend  directly  on  the 
chamrter  of  the  ToihI.  Amoii^  earnivorouH  animals  the  urine  is  tiiiifonnly 
aeit],  and  among  herbivorous  auimiils  it  is  uniformly  alkaline,  ho  long  as 
they  are  using  a  vegetable  iliet,  but  when  starvinLC  or  when  lixitij:;  ujmiu  the 
mother's  milk — that  is,  whenever  tliey  are  rxisting  upon  u  purely  animal  diet — 
the  urine  becomes  acid.  The  explanation,  as  given  by  Dn^chsel,  is  that  upon 
an  animal  diet  move  acids  an.*  pnxlinvd  (frnm  the  sidphur  and  phosphorus) 
tJiau  the  bases  present  can  neutralize,  whereas  upon  a  vegetable  diet  au^bouates 
are  formed  from  the  oxidation  of  the  organic  acids  of  the  fLMxl  in  quautities 
sufficient  to  neutralr/,e  the  irnneral  acids.  The  rheriiicril  coinpusition  of  urine  is 
very  eoujplex.  Among  the  ronstitneuts  eonstautly  f^resetil  under  the  eouditious 
of  normal  life  we  have,  in  ailditiou  to  water  autl  inorganic  salts,  tlie  following 
substauees:  Urea;  uric  acid;  xanthin ;  ereatinin ;  hi])puric  acid;  the  uriuary 
pigments  inrobilin);  sidphoeyanides  in  truces;  acetone;  oxalic  acid,  pmbahlv 
as  fideiiim  uxaiate  ;  several  ethereal  sulphurie  acids,  such  iis  phrnnl  ami  rrcs(^l 
sulphuric  acids,  iudoxyl  sulphurie  acid  (indican),  and  skatoxyl  sulphuric  arid  ; 
aromatic  oxy-acids ;  winie  eoinbiuatimis  of  glyeiinHiic  acid  ;  souk;  representa- 
tives (jf  the  fatty  acids;  and  dissolved  gases  (N  and  CXX),  This  list  would  Ijc 
very  much  extended  if  it  attempte^l  to  take  in  nil  those  sub^tanceij  occasion- 
allv  found  in  the  urine.  The  complexity  of  the  coni|MKition  and  the  fact  that 
so  many  diilei-eut  organic  coin|iuuuds  iximr  or  umy  occur  in  small  quantities 
is  rea*lily  un<lerstood  when  %ve  consider  tlic  nature  of  the  secretion.  Through 
till*  kidneys  (here  are  eliminated  not  f»nly  what  we  miicht  rail  tlic  nornud  cnd- 
pixxlucts  of  the  metabolism  of  the  ti.^ues,  excluding  the  C'O^,  but  alsn,  in 
large  part,  the  prLwUiets  of  det^nujHisltiou  in  the  aliniejitary  canal,  the  end- 
products  of  many  organic  suljstanees  <x*eurring  in  our  footls  and  not  usually 
cla£isc<1  as  fo< id-stutfs,  foixMgn  subsmnecs  intro4ln<i'd  as  tlrngs,  etc.,  all  of  which 
are  clituiuated  either  in  the  furiu  in  which  they  arc  taken  or  as  derivative 
product^!  of  some  kltjd.  We  shall  s|x»ak  briefly  of  the  most  iinj>ortant  of  the 
normal  constituents,  dwrllitig  es|>tN*ially  up»n  their  origin  in  the  body  and  their 
phvsiologiral  significance.  Fur  details  of  ehemlca!  [iroperties  and  ivaetions. 
reference  must  lie  made  to  the  Chemical  section. 

XJrea, — Urea,  which  is  given  tlir  formula  CH^N^O,  is  usually  considi  red 


I 


as  an  amide  of  cailwnit^  acitl,  Iiriviu^   th*'refnre  the  structural  furmula  of 

CO<Yfi'*   It  occurs  in  tlio  nrino  in  relatively  larg^e  quantities  (2  per  cent.  -)-). 

As  the  total  qimntitv  of  urine  seoretftl  in  twenty-four  hours  by  an  luhiU  male 
may  U'  platrd  at  from  15(H)  lo  17(M»  riif^jc  eer)tinH*tefs,  it  follnws  that  i'lrun  '10 
to  .34  gnnns  of  ui*fa  are  elimioutetl  fmm  the  bo<ly  during  xhh  \-nnUn\  It  is 
the  most  imjjortant  of  the  iiilrojjenous  excreta  of  the  botly,  the  (•n<l-prtnUirt 
of  the  phvaiolngical  oxidation  of  the  proteids  of  the  IxkIv,  ami  alno  of  the 
alhinninoids  when  they  ap}X".ir  in  (he  f*»oi].  If  we  know  how  mnch  uren  i;* 
secrt'H-d  in  a  given  j)eri<xl,  we  know  appmxiniiUely  hnw  murh  proteid  has 
been  broken  down  in  tlie  body  in  the  same  time.  In  round  nnnil>erH,  1  gram 
of  proteid  will  yield  \  gnun  of  urea,  as  may  l>e  «ilcnlated  ea-sily  fri)ni  the 
amount  of  uitn^cn  c:t»ntaineil  in  each.  Since,  however,  s(»mc  of  the  nitrogen 
of  proteid  Is  eliminate<l  in  other  forms — uric  add,  creatinin,  etc. — even  an 
exact  determination  *»!' nil  the  nrcji  woidd  not  Im*  sufficit-nt  to  dcterniinr  with 
aeenracy  the  total  amount  of  proteid  broken  down.  ThL-s  fact  is  arrived  at 
more  perfectly,  as  we  shall  explain  later,  by  a  determinatiou  of  the  total 
nitrogen  of  tlie  urine  and  other  excretions.  In  addition  to  tlie  urine,  uix^  is 
found  in  slight  (piantities  in  otfier  f^ti-retionr^,  in  milk  (in  tnKX's),  and  in  sweat. 
In  the  latter  litptid  tlie  i|nantity  of  urea  in  twenty-four  hours  may  be  quite 
apprecialile — its  much,  for  instance,  as  0.8  gntni — although  sttcli  a  large  amount 
is  found  only  after  active  exercise.  It  hit^  Invn  asc^TtaiiU'*!  <lHini(cly  that  nn-a 
is  not  fornic^l  hy  the  kidneys:  it  Is  bron«:ht  to  the  kitlueys  in  the  blood  tor 
eiiminatioi]}  the  cells  of  the  convoluteil  tubules  being  especially  adapted  for 
taking  up  this  material  and  transmitting  it  through  their  sulistantv  to  the 
lumen  of  the  tubulins,  Tiiat  urea  is  not  made  in  the  kidneys  is  deinthtisiratwl 
by  such  facts  as  these:  If  blmxl,  on  the  one  hand,  is  irrigated  through  un 
isolat(^l  ki<hnn',  no  urea  is  fitrnuHl,  even  though  sid>sti\nces  (such  as  atninoninm 
carlx>nate)  frinn  which  uivu  is  readily  prtKltictnl  are  added  to  the  LIoihI;  on  the 
other  hand,  urea  isrtmstantly  prt*sent  in  the  blood  (0.0348  to  0.1/J29  per  cent,), 
ami  if  the  two  kidneys  are  remove<l,  it  wnitirmes  to  aix-mmdate  sU-adily  in  the 
bltHM]  lin  long  as  the  animal  survives.  It  has  Ikxm]  ascertained  that  tiie  tire^i  is 
pnKhic<'<l  in  jnirt  in  the  liver;  an  account  of  some  of  the  experiments  demon- 
strating this  fact  is  given  on|mge33I.  The  most  important  que^tiouH  tlmt 
remain  to  he  decidrnl  are.  Through  what  stcjjs  is?  the  proteid  mokvnle  metal>- 
olize^l  to  the  form  of  urea?  and,  What  is  the  anteanlent  sulistani^v  brought 
to  the  liver,  fn»m  which  it  maken  ureu?  It  is  im|)oH8ible  to  answer  these 
questions  |x»rfectly,  but  ntvnt  invi^tigations  have  thrown  a  great  d«d  of  light 
on  the  whole  process,  nnd  they  give  hope  tlnit  l>efor<*  long  the  entire  hist(krv 
of  the  derivation  of  urea  fnnn  pmteids  and  albuminoids  will  l>e  known.  The 
results  of  this  work  may  l)e  stated  briefly  as  follows : 

1.  Urea  arises  from  proteids  by  a  process  of  hydrolysis  and  oxidation,  with 
the  formation  eventmdly  of  ammonia  compounds,  which  are  then  conveved 
to  the  liver  and  then*  rlmngfd  to  uren.  Dnn-hst'l  has  .snggpst^sl  (hat  am- 
monium (rarbamatc  fornts  one  at  leaM  of  the  ammonia  compounds  that  an*  con- 
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first  plaL'e,  Drtviuscl  touml  carbainiL*  aoiil  in  tht*  blood  of  clogs,  and 
Drocliscl  and  \W-\  Iiavt-  shown  ihnt  it  (x'<'iirs  imnitally  in  the  urino  of 
linrHcs  as  ralcinrn  (*jirl>iiniat*'  ;  inid  AIk-I  1ms  sIhjwii  that  it  may  Ik* 
foiind  in  the  urine  of  dog.-?  or  intuiit*  afW  the  use  of  lime-water.  Drechsol 
ha8  siiown,  further,  tliat  :iniiur»nium  r^jrhaniate  may  l>e  ei>nverte<l  into  urea. 
If  one  eonipan^'*  the  formula^  oi"  jiniinonfnin  rarbanuUf  and  urea,  it  is  seen  that 
the  former  may  pass  over  into  the  latter  by  the  lass  of  a  molecule  oi  water,  as — 


0\H, 

Ainmunluin  curtjamute. 


H,0 


CO< 


NH, 

nh; 


ITrea. 


Drechsel  supposes,  however,  that  this  dehydration  is  effected  in  an  indirect 
nuuiiu'r ;  that  there  is  fii>t  an  oxidation  removing  two  atoms  of  Jiyda>gen, 
and  thou  a  ix-duftiuii  ix'moviiig  an  atom  of  oxygen.  He  suceee^led  in  showing* 
tiuit  when  an  Oipieous  (dilution  of  amintjuinni  (sirbamate  is  Huhmitteil  to  eleo- 
tmlysiH,  and  the  diivetion  of  the  ciiri^'iit  ia  changed  i-eiJeattxlly  so  as  to  get 
alternately  reduction  and  oxidation  prm-esses  at  eiich  jwjle,  some  uiTa  will  be 
produt*cd.  These  fa<ts  show  the  existenee  of  ammonium  carbannite  in  the 
body,  and  tlio  possibility  <»f  its  ronverwion  to  urea.  It  n'niuiiis  possible, 
Jniwi'Vcr,  tfiat  other  salts  ta*  t'oin|H>nnds  <if  amnnaiia  may  likewise  be  i-fm- 
verted  tiorniallv  to  nrea  bv  the  llv4"r,  sinee  it  Ims  been  sliown  exTK'Hmi'ntallv 
in  artifieial  oireidntion  tlimngli  this  or^in  that  salts  sneh  as  amnioninni  ear- 
bonato.  or  <!ven  sueh  eomplex  ammonia  comptunids  as  leiicin  and  glyeoeoll, 
may  give  rise  to  iiroa.  Fl\p<:Timent.s  made  by  Halm,  I'awlow,  Massen, 
and  Nencki  ^  show  that  in  dogs  removal  of  the  liver  is  frdlowed  by  a 
doerease  in  the  anion nt  of  area  in  the  nrine  and  an  inerease  in  the 
ammonia  contents.  In  these  remarkable  e.\|>eriments  a  fistnla  wa&. 
made  betvvcen  tLe  jmrtal  vein  and  the  inferior  vena  cava,  the  result  of  which 
wjis  that  the  whole  |)ortal  eiim]ati(m  of  the  liver  was  abolishtnJ,  and  ihe  only 
bltHul  that  the  ort^an  rwnnvetl  was  through  tlie  hepatic  artery.  If,  iioWj  this 
artery  was  ligatetl  or  the  liver  wits  cut  away,  as  was  done  in  sinne  of  the  ex- 
periments, then  the  result  was  practically  an  extirj>ation  of  the  entire  organ — an 
openition  wliieh  lias  always  been  tliouglit  to  1h'  impossible  witfi  mnuirnals.  The 
anirmds  in  these  invtistigadous  survived  this  opei-aliou  fur  some  time,  Imt  tltey 
dieci  finally,  showing  a  series  of  symptoms  wliieh  indicateti  u  deep  disturbance 
of  the  nervous  system.  It  Avas  fluind  tliat  the  sym]>tinns  i>f  jmisoning  in  these 
animals  tHiuld  l>e  brought  on  Itefure  they  develo^K-^i  >poutanei>usly  by  feeding 
the  dogs  mwn  a  rich  meat  diet,  or  with  salts  of  ammonia  or  ejirbamicacid.  Later 
investiiiati'»ns^  showe<l  that  in  normal  aninjals  the  annnonia  contents  of  the 
blood  in  the  [Kirtal  vein  are  (Vtim  tliHM!  to  four  times  wliat  is  found  in  tlie  arte- 
rial bhatd,  but  that  after  llie  o|)eration  deserilx;d  the  ammonia  in  the  arterial 
blood  increases  and  at  the  time  of  the  development  of  the  fatal  symptoms 

'  Artkit*  fiir  ^rpfrimfuti'Uf  PiUhoitifjif  ntui  PhnnnatcolfujU,  1893.  IM.  xxxii.  S.    Ifil. 
*  Nencki,  Pawlnw.  and  Zaleski :   //»>/..  189.'j,    ttd.  xxxvii.  S.  2ti ;  alwi,  Nencki  and  Pawlow : 
Arckitet  drM  Srwneen  biologiqufs.  t.  h,  p.  213, 
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rparlies  alxMit  the  percontn^  which  is  nornml  to  the  hlruxi  of  the  |>ortal  vein. 
It  would  jiot'iii  fntin  the.'^t'  iiiv<*8titfati<His  ihut  t!ic  livor  stmiclH  between  the 
]x»rtal  cinnilation  and  the  general  systemic  circulation  ami  pmtects  the  latter 
from  the  comparatively  lai^e  amount  of  ammonia  com|x)unds  (Nmtalned  in  the 
portal  hloo<l  by  convcrtint;  the-^  fvmipmind-:  to  nrtMi.  If  tin*  liver  is  thrown 
out  of  function^  ammonia  conjpounJs  accnniuhite  iu  the  blood  and  caii&e 
death.  The  rich  amount  bf  ammonia  in  the  portal  blood  seems  to  come 
chictly  fmni  the  flccni»)|wi>ition  of  pruteid  material  in  the  rrlands  of  the 
stomach  and  pancreas  during  si'eretion.  Similar  ammonia  salts  are  probably 
formed  in  other  active  proteid  tisanes,  since  the  pcrecntaj^  of  ammonia  in  the 
tissues  is  consi<ierably  gn-ater  than  in  the  bK>od,  and  these  componnds  al?o  are 
donbtlcKs  converted  to  urea  in  the  liver,  in  jwirt  at  least.  As  to  the  orii^iu  of 
the  ammonia  eomjK»unds  there  is  little  direct  evidence*.  They  come  in  the  long 
run,  of  course,  from  the  nitrogenous  tWI-stutfs,  protcids  and  albunuiioids. 
Drochscl,  having  reference  to  one  form  only,  namely,  ammonitmi  ciirluiniatc, 
supposes  that  the  protcids  first  undergo  hydrolylic  cleavage,  uitli  the  formation 
of  aniido-  bodies,  8Ut?li  as  leucin,  tyrosin.  aspartic  acid,  glycoooll,  etc.;  that 
these  bodies  undergo  ox  illation  in  the  tissues,  with  the  foriuatlon  of 
NHjjCXJj,  and  H/);arid  tliat  the  Ml,  and  nj^ilien  nnit<>  synthetically  to 
form  ammonium  carbamate,  which  is  carried  to  the  liver  and  changed  to 
un-a.  There  is  reajiwn  to  believe  that  the  formation  of  ammonia  com|>ounds 
takes  place  in  the  tissues  genenilly. 

2.  Even  after  the  n^moval  of  the  liver  some  un^  is  Htill  found  in  the  urine. 
This  fart  proves  that  Mther  orgaus  are  capable  (jf  pnxlucing  uiva,  but  what  the 
other  organs  aa'  and  by  what  pnx-ess  they  make  urea  are  points  yet  undeter- 
mined. It  seems  prolmble  that  some  of  the  ammonia  compounds  which  are 
now  known  to  be  f<trnK*d  in  the  tissm^  generally  and  to  l>e  given  off"  to  the 
blooil  may  W  converted  intn  nreu  el«iewhere  than  iu  the  liver.  Just  as  the 
glycogenic  function  (pf  the  liver-i-ells  is  share<l  to  a  less  extent  by  other  tis- 
sues— t.  g.  the  musole-tibres — it  is  possible  that  their  power  of  converting 
ammonia  salts  to  urea  may  Ix'  |>osscssed  to  a  Icssit  degree  by  other  cells,  and 
for  this  reason  removal  of  tlie  liver  is  not  fblloweil  at  once  by  a  fatal  result. 
Concerning  this  point,  however,  we  must  wait  for  further  investigation. 
Drechwl  has  T<'<t?ntlv  called  attention  to  a  njciluHl  of  obtaining  urea  directly 
from  proteid  imtside  of  the  Ixkly.  His  metluKi  is  inten^ting  not  only 
because  it  is  the  first  IalM>r:itory  methtnl  discovered  of  producing  urea  from 
proteid,  but  a]s4»  because  it  is  |)os8ible  tliat  sul)stantially  the  same  process  may 
occur  insiile  the  ImkK'.  Tlie  methoil  cimsists,  fn  brief,  in  first  boiling  the  pni- 
ieid  with  x\n  acid;  HCI  was  useil,  together  w'xih  some  metallic  zinc,  so  as  to 
keep  up  a  constant  evolution  of  hydrogen  and  to  exclude  atmospheric  oxygen. 
Among  the  products  of  decomposition  of  the  proteid  thus  pnxluccil  was  a 
Buljstam^  termwl  lyttntinin  (t'eHuXjO),  and  when  this  ImkIv  was  Istdated  and 
treated  with  b4>iling  baryta-water  (Ba(OH)j)  some  urea  was  obtained.  It  is  to 
lie  noted  that  in  this  ^u-^  the  urea  was  obtained  not  by  the  oxidation  of  the 
proteid,  but  by  a  series  of  deeomjKieitious  or  cleavages  of  the  proteid  molecule. 

Vot.  I.— 22 
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Now,  lys;itiniu  occurs  also  in  the  body  as  one  of  the  products  of  the  con- 

tinuwl  action  of  tr}'[>siti  on  protenls  (seep. 303).  It  is  jK>ti.sil>lf',  tlierefon*,  that 
by  further  hydrolysis  this  siiUstaiiec,  when  it  owurs,  is  c^jiiviTkHl  to  urea,  uiid 
that  normally  u  part  of  the  urea  iirises  from  i>roteids  by  this  protvss. 

Uric  Acid  and  Xanthin  Bodies. — Uric  aoid,  which  has  the  formula 
CjH^X^Oj,  is  fotind  cniistiiiitly,  but  in  relatively  smull  ^jimntitics,  iu  human 
urine  and  in  the  nrinf  of  nmninials  ^vncrally.  The  total  ijuajitity  in  tfjc  urine  of 
man  under  normal  couditious  varies  from  0.!2  to  1  gram  every  twenty-four  houre. 
In  the  urine  of  hirrlsaiid  reptiles  it  forms  the  chief  nitrotrenous  constituent.  In 
these  animals  it  takes  the  phu-e  physiologically  of  in*eu  in  nianinialin  in  that  it 
represents  the  main  end-product  of  the  ruetabolisru  of  tlic  protcidfe  iu  the  body. 
It  is  evident  tliat  at  some  point  in  the  pntccss  the  metabolism  of  the  proteids 
in  maiiinialia  ditlcrs  from  tliat  in  birds  and  reptiles,  since  in  the  one  urea, 
and  in  the  other  uric  acid,  is  the  outcome.  LIric  acid  occurs  in  such  smalt 
(piantitics  in  mammals  that  its  place  of  origin  has  been  investigated  ^vith  dif- 
liculty.  Among  birds  and  reptiles  uric  acid  represents  the  chief  nitrogenous 
excretion  of  the  urine,  taking  the  i>lacc  physiological iy  of  urea  in  the  mam- 
malia. As  iu  the  case  of  iirctk,  it  lias  been  t^liowii  that  in  birds  uric  u(Md 
originates  in  the  liver.  Extirpation  of  the  kidneys  In  these  animals  leads 
to  an  accumuluti4>n  of  uric  acid  in  the  blood  and  tissues.  Removal  of 
the  liver,  on  the  contrary,  causes  a  decrease  in  the  excretion  of  uric  acid  and 
an  increase  in  the  ammimia  contents  of  the  urine.  It  may  be  concluded, 
therefort*,  that  in  binls  uric  acid  is  formed  in  part  in  the  liver  from  ammonia 
compounds  (amTuonium  lactate).  Reasoning  fr4>m  analogy,  we  should  sup- 
pose that  in  the  matnuiidia  uric  ar'id  lias  n  similar  origin,  l)nt  exjK'rirni'nts 
fail  to  support  tliis  view.  When  a  maniinal  is  i\i\\  with  ammonium  lactate 
or  urea  there  is  no  increase  in  the  excretion  (d'  uric  acid.  Within  recent 
years  a  now  hypothesis  has  been  advanced  by  Horbacewsky,  ami  CM>i»sider- 
able  experimental  evidence  has  since  given  inattrial  support  to  his  views.* 
According  tu  Ilorbacewsky,  uric  acid  may  be  regarded  as  a  specific  end- 
pn«hict  of  the  nuclcins  container!  in  the  nuclei  of  cells,  and  is  formecl  by  an 
oxidation  of  a  groni>ing  in  the  ntudcin  which  may  also  give  ris<;  to  other 
members  of  the  class  of  so-e-alltd  alloxuric  buses,  such  as  xanthin^  liyjR>- 
xanthin,  or  adi-uin.  Fee<ling  a  man  with  food  rich  in  nucleins — the  thymus 
glan<l,  for  instance — leads  to  a  marked  increase  in  the  exerctiou  of  urie  acid, 
and  n'e<Iing  with  one,  at  least,  of  the  alloxuric  bases.  hyjMixantliin,  gives  a 
similar  result.  On  this  view  uric  acid  should  give  an  indication  of  the 
extent  of  the  kntabolisni  or  disintegnition  of  the  cell-nuclei,  especially 
perhaps  in  the  lymphoid  tissue.  It  is  probable,  however,  that  the  actual 
amount  of  uric  aciil  excn^ted  in  the  urine  does  not  represent  tndy  the  entire 
amount  formed  in  the  hf>dy.  When  uric  acid  is  fed  to  an  animal  it  dues  not 
all  reappeiir  in  the  urine,  indieaiiag  that  this  sid)3tance  may  undergo  metiib- 
olisni  in  the  body  to  a  limite<l  extent,  its  nitrogen  appearing  probablv  as 
urea.  Po8sibly,  therefore,  some  of  the  uric  acid  normally  produccnl  in  the 
body  undergoes  a  similar  fat<?,  only  a  portion  escaping  in  the  urine. 

'  Minkowski:   Archir/iir  rri*nnnr)itrlU  Pathototjie  uvri  Phnrmnkoleigif^  Bci.  41,  S.  375. 
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Xanthin  (C,H,NA),  hvpoxanthin  (C,H,N,0),  guanin  (C^H.N.ONH), 
and  julcnin  (CsH^N^NH)  arr  siihsUimeK  closely  rohiU'tl  to  urio  aoiti,  and  are 
found  ill  traces  in  tlio  uriiR'.  Since  they  also  originate  in  the  disintegration 
of  DUclciDs.  it  is  prc?UaI)lc  that  their  pliysioh^gical  sin^uiiicanco  i»  the  bUDie  as 
that  of  uric  arid,  and  that  to  tlic  extent  tt»  wliir'li  (hev  <)r<*iir  they  also  reprc- 
wnt  an  end-product  of  tlie  kataUdisni  of  cell-nuclei.  These  Ijodies  are 
nMind  in  greatest  quuittity  in  nitmek%  and  are  pretH<nt,  therefore,  in  meat- 
extracts.  It  is  inlen-sttnp  in  this  connection  ti»  rail  attention  to  the  fact  that 
thw>brorain  {diinethyl-xaiithin)  and  eartein  (triniethyl-xanthin)  are  closely 
related  to  the  xanthin  l>o<lie8. 

Creatinin. — frcatinin  (C4H7X5O)  is  a  cnstalltne  nitn>j^enoiLs  sul:)stance 
oonj^Uintly  fJmnil  in  urine.  It  is  ehnely  rclatwl  to  ercatin  (C^HjN^Oj),  the  two 
snhstanei^  diHerit]^  by  a  nioleeede  of  water;  tlie  ereatin  ehangi«  Ui  ereatiuin 
ui>on  heating  with  mineral  acids.  Creatinin  occurs  in  urine  to  the  extent 
of  aWil  1.12  grams  per  day  in  man.  In  dogs  it  has  Iwcn  found  that 
the  amount  may  vary  iKitween  0.5  nnd  4.fl  grams  per  dav  necnrding  to 
the  diet,  an  increase  in  the  amount  of  meat  in  the  diet  causing  uu  increase 
in  the  en^-jitinln.  This  is  readily  oxplafneil  by  thvi  fact  that  ercatin  is  a 
constant  constituent  <>f  muscle,  and  when  taken  into  the  stomach  it  w 
eliminated  in  the  urine  as  creatinin.  It  is  evident,  therefore,  that  |>urt 
of  the  creatinin  of  the  urine  is  ilcrivcil  from  the  meat  i-aten^  and  docs 
not  represent  a  metalM>lism  within  the  Wly.  A  part,  however,  comes 
undoubtedly  fn»m  the  destruction  of  proteid  witliiu  the  body.  In  this  c<jn- 
neetion  the  following  facts  are  suggestive  and  worthy  of  tunsideration,  although 
tbcy  mnnot  be  explained  satisfactorily  :  The  mass  of  proteid  tissue  in  the  IkxIv 
is  found  ill  the  muscles,  and  the  end-product  of  the  destructive  nKtalxiHsni  of 
proteid  is  suppiined  to  be  chieHy  urea.  Nevertheless,  urea  is  not  found  in  the 
mus(!les,  while  ereatin  imimiis  in  considerafde  quantities,  an  much  as  90  grams 
Ijeing  contained  in  the  body-tuuf^cuhiture  at  auy  oue  time.  Only  a  small 
quanti^  (1.12  grams)  of  ereatin  is  eliminated  in  the  urine  as  creatinin  during 
a  day.  What  l)e<x)nM«  of  the  relatively  large  quantity  of  ereatin  in  the  mus- 
cles? It  has  been  suggested  tliat  it  is  one  of  the  privursoi*s  of  uix*a — that  it 
represents  an  end-proiluct  of  the  proteid  destroywl  in  muscle  which  is  subse- 
quently convertcil  to  urea  in  the  liver  or  elsewhere.  This  supposition  is  su|>- 
portc<l  by  the  fact  that  ereatin  nuiy  Ik?  dec<im|>OEsed  readily  in  the  lalniratory, 
with  the  formatit)U  of  ui'ea  among  other  products.  But  against  this  thei»ry 
we  have  the  im|>ortaut  fact  that  ereatin  uitixxlueed  into  the  blood  \&  not  con- 
verted to  urea,  but  is  eliminated  as  creatinin. 

Hippuric  Acid. — This  substance  has  tiie  formula  C,H,NOj.  Its  molecular 
structure  is  known,  simn  upon  decomposition  it  yields  ben/,oic  acid  and  gly- 
cott>lI,  and,  moreover,  it  may  Ik*  produ<-ed  syntheticidly  by  the  union  of  these 
two  substances.  Hippurie  ati<l  may  l»e  tlrscril>edj  therefore,  as  a  l)enzoyl-aniido- 
acetic  acid.  It  is  Ibund  in  considerable  quantities  in  tiie  urine  of  herbivorous 
animals  (1.5  io  2.5  per  cent.),  and  in  much  smaller  amounts  in  the  urine  of 
man  ami  of  tlie  carnivom.     In  human  urine,  on  on  average  diet,  about  0.7 
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iH  excreteti  in  iwtnuy-iour  noure.  ii,  nowever,  the  aict  m  laiyfiy 
vegetable,  tills  ainouut  may  Ije  iucreased  grwitly.  Theste  last  facta  are  readily 
explainod.  It  has  hepii  fmiiKl  that  if  hcnznio  acid  or  rolated  substan(*os  con- 
taining this  gi*«ini»  are  fe*l  to  animals,  they  apjKmr  in  the  urine  as  liippiiric 
acid.  Evidently,  a  synthesis  has  taken  place  within  the  body^  and  Bunge  and 
R'hmiedelHTtf  prrwr-d  conclii.^ively  that  in  dogs,  and  pn>bahly,  thrrcforf,  in 
nian,  iIk^  nniou  of  tlifi  benzoic  ai-Jd  to  glyiKX-Hill  (HN'urs  iriainly  in  the  kidney 
itself.  We  can  uu<lerstand,  theix^fore,  why  vegetable  foods  which  are  known  to 
contain  8nl>stanew»  Ijclonging  to  the  aromatlf^  series  and  yielding  benzoic  acid 
should  increa.se  the  output  of  hippuric  acid  in  (he  urine.  Since,  however,  in 
starving  animals  or  in  animals  fed  entirely  on  meat  hippuric  acid  is  still  pres- 
ent, altlioiijrh  reduwd  in  amrmntj  it  follows  that  Jt  arises  in  part  as  (me  of  the 
resuha  of  lxxly-meta!>olism.  Among  the  various  products  of  the  breaking- 
down  of  ihe  proteiil  mole<nde,  it  is  probable  that  some  lx!n7/>ic  acid  occurs, 
and,  if  so,  it  is  excrete*]  in  rdmhinntroii  witli  glycocoll  as  liipptiric  acid.  It 
sbould  be  a<ldtHl,  finally,  that  sitrne  (»f  the  hippurie  add  is  suppose<1  to  l»e  de- 
rive<l  from  the  ju-o^'tss  of  pi-oteid  putrefaction  that  occurs  to  a  greater  or 
Ica^  extent  in  the  lai^  intestine. 

Coqjugated  Sulphates. — A  gootl  part  of  the  sulphur  eliminated  in  the 
urine  Is  in  the  form  of  ethereal  salt*  with  organic  compounds  of  the  aromatic 
ami  indigo  series.  Quite  a  number  of  these  compounds  have  l)een  destribed  ; 
the  nir»st  important  are  the  f^ompounds  with  phenol  (C^H^OSOXMI),  rrcso! 
(C,IIyO.SOaOII),  iudol  (CaHeXOSO.QH),  and  skatol  (Cj,U,NOt3(i,0U). 
These  fitur  substances,  phenol,  ercsril,  indol,  and  skatol,  are  fornted  in  the  in- 
testine during  the  process  of  putrefactive  decomposition  of  the  jiroteids  (p.  310). 
They  are  produced  in  small  t|uantities,  and  they  may  be  exeretefl  in  part  in 
the  feces,  but  in  jart  tliey  ai"e  absorifcd  into  the  blood.  They  aiv  in  tlieni- 
selvefi  injurious  substances,  hut  it  is  8upiK>sed  that  in  passing  through  the 
liver — wliich  must  of  nfeessity  hapiMm  iM'fore  they  get  into  the  gcner.d  cir- 
culation— tliey  are  Bynthetieally  comhined  with  Hulpluiric*  acid,  making  the 
so-<ralled  "conjugated  sulphates,"  which  are  liarmless,  and  which  are  event- 
ually excreted  by  tlu*  kidtu'v^. 

Water  and  Inorg'aniG  Salts. —  Wuler  is  lost  from  the  body  through  three 
main  channels — namely,  the  lungs,  the  skin,  and  the  kidney^  the  last  of  these 
being  the  mast  inifwrtant.  The  quantity  of  water  lost  througli  the  lungs 
probably  varies  within  small  limits  only.  The  ejnantity  lost  thrf>ugh  the 
sweat  varies,  of  course,  with  tlie  tempcmture,  with  exercise,  etc.,  and  it  may 
be  aaid  that  the  amounts  of  water  8eoi"ete<l  through  kidney  and  skin  stan<l  in 
something  of  an  inverse  proportion  to  each  ottier ;  that  is,  the  givater  the 
quanlity  l(»st  througli  the  skin,  the  less  will  Im>  MN'reled  by  the  kidneys. 
Through  these  tliree  organs,  but  mainly  through  the  kidneys,  the  blood  is 
being  continually  deplete*!  of  water,  and  the  loss  must  be  made  t»p  by  the 
ingestion  of  new  water.  When  water  is  swallnwtYl  in  exccsfl  the  superfluous 
amount  ia  rapidly  eliminated  through  the  kidneys.     The  amount  of  water 
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V  fiocretcd  may  be  increased  l>y  tlio  action  of  diuivlics,  such  as  potai^iuai  nitrate 
H        ami  caffrin. 

H  Th^  inorganic  salln  of  urine  consiut  chiefly  of  the  chlorides,  phoisphatcs, 

B  and  Bn]|»huLes  of  thu  ulkulies  and  the  alkaline  earths.  It  may  l>e  said  in 
^^^^general  tliat  they  arise  [Kirtly  from  t!ie  sidts  ingeifted  with  the  f<HKl,  whieli 
^^B^ialtM  are  eliminnt«-'<l  Ironi  the  blo(xl  by  the  kidney  in  the  water-.seerrlion,  and 

■  in  pfirt  they  are  formed  in  tiie  destructive  metjdM)liHn)  that  takes  place  in  the 
H  boily,  [Kirlienlarly  thai  iuvolviti;;  the  pruteid^aiid  related  boilies.  Swlium 
H  chhtriile  oeeur^  in  the  largest  ijuantities,  averaging  about  I  o  grams  |H'r  day,  of 
H  which  the  larger  part,  douI)tli*88,  is  dcrive<l  directly  fn^m  thesalt  taken  in  the 
H  fooil.  The  plit*sphates  (M*eur  in  c(MiiUiiiati)in  with  Ca  iinil  Mg^  hut  chiefly  as 
H  the  acid  |>ho:!^phateH  (ff  ^a  or  K.  The  a* -id  reartinn  oi'  tlie  urine  in  u-^ually 
H  attributed  U*  these  latter  suhstanceA.  The  phosphates  rt^sult  in  part  from  the 
H  defltructiun  of  phosphorus-eontaining  tissues  in  the  IkkIv,  but  chiefly  from 
H  the  phosphates  id'  t[ie  food.  The  sulphates  (tf  urine  are  fiumd  partly  in  an 
H  oxidi/.ed  form  as  simple  sulphates  or  conJugaitMl  with  org-.inir  coTujfouiiils,  as 
H         describe*.!  above,  and  in  small  jiart  in  a  neutral  or  unoxitlized    form,  suih  as 

potassium  stdpliiH-yaiudt %  or  i'tliyl-sulphidc%  ((\1L,).^.  The  total  tiiianlitv  rtf 
sulpluirie  ai'iil  vlijniuated  is  estimated  to  average  atMiut  2.5  grams  per  day. 
Sulphur  constitutes  a  constiint  element  of  the  protrid  molecule,  ami  the  quan- 
tity *)f  it  I'liminati'd  in  the  urine  may  hu  used,  as  in  the  case  of  nitr»>gen,  to 
dcterniinr  the  total  deslruetion  of  proLcid  witJitn  a  given  period. 

FHinctioiiB  of  the  Skin. — The  physiological  activities  of  the  skin  are 
varied.  It  ibrnis,  iu  the  lirst  phux*,  a  sensory  surface  covering  the  body,  and 
interposed,  as  it  were,  between  the  external  world  and  the  inner  mechanism. 
Nerve-fibres  of  prcasure,  teniiierature,  and  jwiii  arc  distributed  over  its  sur- 
face, and  by  means  of  these  iib]*e8  reflexes  of  various  kinds  are  eflected  which 
koej)  the  body  adapted  to  changes  in  its  environment.  The  physiology'  of  llie 
skin  from  this  standpoint  is  diseiissetl  in  the  section  on  Cutaneous  Sensations. 
Again,  the  skin  plays  a  part  of  immense  value  to  the  bo<ly  in  rt^uluting  the 
bo<ly-temi>eniture.  This  n.'gulation,  which  is  eflected  by  variations  in  the 
bhxxl-supply  or  tlie  sweat-secretion,  is  descril)ed  at  appropriate  places  in  the 
sections  on  Animal  Heat,  Circulation,  and  Secretion.  In  the  female,  during 
the  |ierio<l  of  lactation,  the  mammary  glands,  which  mii.-t  Ih;  i^eckoned  ainf»ug 
the  organs  of  the  skin,  form  an  important  secretion,  the  milk;  the  physiolf^y 
of  this  gland  is  described  in  the  sectioits  on  Secretion  and  Reproduction.  In  this 
flection  we  are  couccrned  with  the  physiology'  of  the  skiu  from  a  diifercut  stand- 
point— namely,  as  an  excretory  organ.  The  excretions  of  the  skin  are  forme<l 
iu  the  sweat-glands  and  the  sebaceous  glands.  The  sweat-glands  are  distrib- 
uted more  or  less  thickly  over  the  entire  surface  of  the  body,  with  the  excep- 
tion of  the  prepuce  and  glaus  penis,  while  the  sebaceous  glands,  usually  in  con- 
nection with  the  hairs,  are  also  found  everywhere  except  upon  the  palnvs  of 

■  the  hands  and  tlie  soles  of  the  feet. 

B  Sweat. — Sweat,  or  perspiration,  which  is  the  secretion  of  the  6Wcat-glan<]R, 

I        is  a  culorlcue  lit|uid  with  a  peculiar  inIop  and  a  salty  taste.     Its  sjxxMfic  gravity 
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is  given  at  1004,  and  in  man  it  usaaJly  ha9  an  add  reaction.  As  can  readily  be 
understood,  the  quantity  se<:rett'd  iu  twenty-four  hours  varies  greatly,  the  scrrc- 
1ii)n  Ix^in^  iiifliienctHl  liy  variations  in  temjiorature*  by  exercise,  and  by  fievchical 
and  |KUlioIogit^l  conditions;  an  average  estimate  places  the  daily  secretion  at 
from  700  to  900  gmms.  Chemically,  the  secretion  consists  of  water  and  inor- 
pinie  salts,  traces  of  fats,  fatty  arid,  cholesterin,  and  nrwu  Of  the  inort^iiic 
salts,  NaCI  is  by  far  the  most  abundant:  it  occurs  in  quantities  varying  fmm 
2  to  3.5  jjarts  jier  thousand.  The  elements  of  the  Bweat  whicli  are  o{  import- 
anee  from  an  excretory  standjwjint  are  water,  inorgjinie  sjdts,  and  nrcji  or  relate*! 
nitrogenous  com|x>nnds.  As  was  suiil  alwive,  Kwejit  constitutes  the  secvmd  in 
inn>orta.nce  of  the  three  nmin  cliannels  thnmgh  wliieh  water  is  \mt  from  the 
body.  Tiie  quantity  eliminated  in  the  sweat  is  to  a  certain  extent  inversely 
jiropurtinnal  to  that  secreted  by  the  kidneys;  hut  tlic  physiological  value  of 
the  seeretion  of  water  l>y  tlie  sweat-glands  s*-^ tns  1o  lie  not  so  nuicli  in  the  fact 
that  it  is  necessary  in  maintaining  the  water-cfpiilihrium  of  the  blood  and  tis- 
sues as  in  the  im|iortant  part  it  takes  in  eontrolling  tlieb<^t-h»ss  from  the  skin  : 
the  greater  tlie  evaporjition  of  8we:it,  the  greater  the  loss  of  heat.  The  iii*c:i  is 
des(Tihed  as  occurring  in  traces.  As  far  as  it  occurs,  it  represents,  of  coui-se,  so 
mueh  proteid  destroywl,  but  usually  in  rnlenlating  the  protH<l  hiss  of  the  l>ody 
this  element  has  hi-en  neglected.  Argutiiisky  deiuousti'atetl,  however^  that  in 
p|>ecial  eases — namely,  during  jTcriods  of  unusual  muw'ular  work  or  after  va|Kir- 
baths — the  total  weight  of  nitrngen  eliininate<i  by  the  skin  may  be  of  consider- 
able importance,  anionntiug  to  as  nnieli  as  0.7  to  0.8  gram.  Under  onlinaiy 
cireumstanci'S  ihe  exiTetion  of  urua  and  related  eonipuuiuls  ihnnigh  die  skin 
must  bo  regarded  as  of  very  sul>HidJar}'  imporUniv,  but  the  amount  may  be 
iucreaise^l  markedly  under  psithologieal  eomlitions. 

Sebaceous  Secretion. — The  sebacetjus  secretion  is  on  oily,  semi-li*juid 
material,  the  tpiautity  of  whicli  cannot  be  estimated  even  approximately. 
Chemically,  it  consists  of  water  and  salts,  alhunnn  and  cpithelinn>,  fats  and 
fatty  acids.  Its  excretory  importance  in  conntH'tion  with  the  mctabcilism  of 
the  body  must  be  slight.  Its  chief  physiological  vnhie  must  be  sought  in 
its  etfeet  Ujxm  the  haire,  which  ui-e  kept  oiltnl  and  pliant  by  the  secretion. 
Moreover,  it  forms  a  thin,  oily  layer  over  most  of  the  surface  of  the 
skin ;  and  we  may  suppose  that  this  layer  of  oil  is  of  value  in  two 
ways — in  preventing  ttxj  gre;it  a  loss  of  water  through  the  skin,  and  in 
offering  an  obstai-le  to  the  al>sorption  of  aipieons  solutions  brought  into 
contact  with  the  skin. 

Excretion  of  CO^. — Tn  some  of  the  hiwer  animals — the  frog,  for  ex- 
ample— the  skin  takrs  an  ini|>ortiint  part  in  the  rehpiratory  exchanges,  elim- 
inating C'O^  and  al>S4>rljing  O,  In  man,  and  presumaljly  in  the  mammalia 
generally,  it  has  been  ascertained  that  changes  of  this  kind  are  very  sliglit. 
Estimate's  of  the  amount  of  CO-,  given  otF  from  the  skin  of  man  during 
twenty-four  hours  vary  greatly,  but  the  amount  is  small,  and  U  certainly  less 
than  one  one-hundredth  part  of  the  amount  given  off  through  the  lungs. 
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H.   BODT-MKTABOLISM :    NuTBITrVB  VaLUE  OP  THE   P0OD-8TUKF8. 

Determination  of  Total  Metabolism. — Wh  Iijiv*?  so  fur  stinlitMl  the 
chanj^^os  that  the  fiKHl-stdifs  un(KT|^(j  iluring  iligcvtion,  the  form  in  M'hith  thoy 
are  absorl>etl  into  the  bltwxl,  their  history  in  the  tissues  to  some  extent,  and  the 
tiual  cnnilitioii  in  which,  uHit  hciuj^  tloti>ni[w»seil  In  iht*  ImmIv,  they  an;  cliniitiaU^l 
in  the  exen^ta.  Ti»  a.*f"*T(ain  the  true  iiutritii>nal  value  of  tlie  fo(xl-8tuir8  it 
is  of  the  ntnio^t  importance  that  we  should  have  some  tueans  of  estimating 
aocnmt<»ly  the  kinrl  and  the  atiioiint  of  Ixtfly-nK-talKilism  during  a  given  pteriwl 
in  relation  to  the  eharaeter  of  the  diet  useiL  Fortiinutely,  this  end  may  be 
reached  by  a  careful  study  of  the  excreta.  The  meth(Hls  employed  can  readily 
be  uiiderstoofi  in  princijile  friMii  a  brief  <]ewription.  It  has  Ix^n  made  suf- 
ficiently ch»ar  Ix'fore  this,  p<'rh:ips,  thut  bv  determining  \\\o  tr)tal  amount  i»f  the 
nitrogenous  excreta  we  esm  reckon  Iwi^^k  to  the  amount  of  |)roleid  {or  albu- 
minoid) destroyed  In  the  bixlv.  In  the  ciuw  of  proteid:*  or  alljnmieioi<l.H  t!iat 
undergo  physiol(>irJe:il  oxidation  nil  the  nitrofjen  apfw^irs  in  the  fnnns  of  urea, 
uric  acid,  creatinine  xanlldiuetr.,  wliith  are  eliminated  uKiiuly  thnaiirh  the  urine, 
and  may  therefore  be  i"o]|e<'tefl  and  determined.  The  foHovvinj;  practical  facts 
are,  however,  to  Ix^  !><vrne  in  mimi  in  this  eonnwtion :  Tfie  nitm^nons  excre- 
tion of  tlie  urine  is  mainly  in  the  form  of  urea  which  «iu  Ix*  estimated  as  sueh, 
but  it  i«  much  more  accurate  to  determine  the  totil  nitrogen  in  the  urine  during 
a  j;iven  period,  using  some  one  of  the  approved  methotJ^  for  nitro^*n-deter- 
mination,  and  to  calculate  back  from  the  amount  of  nitrogen  to  the  amount  of 
proteid.  By  this  means  all  the  nitrogenouH  excreta  wliich  may  iKJCur  in  the 
urine  are  allowed  for;  and  since  tlie  varloas  proteids  ditfer  but  little  in  the 
amount  of  nitrogen  whi<-h  they  ntiitain,  the  average  Im-Iiii;  from  15.5  to  IG  |»er 
cent,,  it  is  only  neccKsary  to  niulllply  the  total  quantity  of  niti'ogen  found  in  the 
excretions  by  6.25  (proteid  nuJwale  :  N  ;:  \y%):  16)  to  ascertain  the  atuotint  of 
proteid  de?*troyed.  In  accurate  ralculationj*  it  is  navssary  to  determine  the  total 
nitrogen  in  the  feces  as  well  a.s  in  tlio  urine,  and  for  two  reasons:  first,  in  ordi- 
nary diets  of  some  vegetable  and  animal  pn^leid  they  may  escape  digestion 
and  this  amount  nnist  bo  drtermined  and  dtHJucted  from  the  total  proteid  eaten 
in  oitler  to  ascertain  what  nltrogenoas  materia!  hae?  actually  l»e<?n  taken  into  the 
UkIv  ;  Mcond,  the  secretions  of  the  alimemjuy  canal  contain  a  certain  quan- 
tity of  nitrogenttus  material,  whicli  represents  a  genuine  excretion,  and  should 
l>e  included  in  estimates  nf  tlie  total  proteid-4lestrnction.  Recent  work 
seems  to  show  that  in  onlinary  diets  most  of  the  nitrogen  of  the  feces  has 
the  latter  origin.  T\hv  nitrou'en  eliminated  a:^  urea,  etc.,  in  the  sweat,  milk, 
and  saliva  is  neglecteil  untler  onlinan.'  eircum.^tamses  because  the  amount  is 
too  small  to  affect  materially  any  cnlculatious  made.  To  determine  the  tfttal 
amount  of  non-nitrogenous*  material  destroyed  in  the  Ixnly  during  a  given 
pcri<xl,  two  data  are  required  :  first,  the  total  nitrogen  in  the  cxcivta  of  the 
body;  second,  the  total  amount  of  carbon  given  off  from  tiie  lungs  and  in  the 
various  excreta.  From  the  total  nitrogen  one  calculates  how  mucli  proteid  was 
destroyed,  and,  deducting  from  the  total  carlwn  the  amount  corresitjM)nding  to 
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this  qnantitj  of  proteid,  what  remains  represents  tlie  carlwn  derived  fmni  the 
raetaljolism  of  the  non-nitrogenous  innterial — that  is,  from  the  fat  or  carbo- 
hvdnitc.  By  methods  o^  this  kind  it  is  pDs.silde  to  reckon  back  from  the 
excreta  to  the  total  amount  of  material,  wnsisiing  of  proteid,  fat,  and  carbo- 
hydraU',  which  lias  been  consumed  in  the  botly  within  a  certain  period.  If,  now, 
by  analyzing  the  fo^nl  or  by  making  use  of  nnidysies  already  made  (pee  p.  278),  one 
determines  how  great  a  quantity  of  prot<'iil,  fkt,  and  (sirUihydiiite  has  been  taken 
into  the  body  in  the  same  period,  then,  by  comixui»)n  of  the  total  in^rcsta  and 
e^.sta,  it  is  pos^ihle  to  strike  a  balance  and  to  determine  whctlu^r  all  the  proteid, 
fat,  and  carlMihydrate  of  the  food  liav**  Ir^^u  dewtroyt**!,  or  whether  some  of  the 
foo<l  has  l)een  stored  in  the  bo<iy,  ami  in  this  case  whether  it  is  nitr<")genoiis  or 
non-nitrogenous  material,  or,  la^+tly,  whether  some  of  the  reserve  material  of 
the  1>ikK',  nilro^enoas  or  uon-nitro^umms,  has  been  dcstroyctl  in  addition  to 
tlie  supply  of  food.  It  is  noeilloss  t«t  r<'niark  tliat  **  bahiiu-e  exjH.*riments  *'  of 
tliis  character  are  very  lalwrious,  ])articuhirly  :ls  they  must  be  made  over  long 
interval^ — uno  or  imire'days.  Ncvcrtlicless,  a  irrcat  doni  of  work  t»f  this 
kind  has  been  done  upon  man  as  well  as  ujmhi  lower  animals,  csjjecially  b^' 
Voit*  and  Pettenkofer.  In  the  exjKTiments  upon  man  the  urine  and  feces 
were  colloi^ted  rsircfnlly  and  the  total  nitroi;(ni  wjm  determined  ;  at  tlie  same  time 
the  totnl  quantity  of  COj  given  oil'  trotn  the  lunt^  was  estimated  for  the  entire 
period.  The  determination  of  the  CO^  was  made  possible  by  keeping  the  man 
in  a  special!  v-constructt'<l  chaml>er  through  which  air  was  drawn  by  means  of  a 
pump;  the  total  quantity  of  air  drawn  through  wits  indicated  by  a  gasometer, 
and  a  me^L^urctl  poiti^ju  ctf  this  air  was  <lniwn  nlVilimugh  a  scjjarate  gasometer 
and  was  analyzed  for  its  CX^^.  It  was  found  that  the  method  is  practicable :  that 
by  the  means dascrihefl  a  uearly  perfect  balance  may  Iw  struck  between  the  income 
and  the  outgo  of  the  body.  Kxpcrimiuits  e>f  this  general  chfiracicr  have  been 
used  to  determine  the  fate  of  the  food-stuffs  in  the  body  under  different  con- 
ditions, the  essential  part  that  each  Awxl-stufl'  takes  in  general  nutrition,  and 
so  on.  In  this  and  the  succeeding  sections  we  shall  have  to  consider  some  of 
the  main  results  obtained  ;  but  first  it  will  be  convenient  to  define  two  terms 
frequently  usetl  in  this  connection — namely,  "nitrogen  equilibrium"  and 
"  carbon  equilibrium." 

Nitrrtffcn  Kfjiiilihr'ntm. — By  *' nitrogen  equilibrium"  we  mean  that  condition 
of  an  animal  in  which,  within  a  definite  periods  the  nitrogen  of  the  excreta  is 
equal  in  amount  to  the  nitrogen  of  the  fowl ;  in  otlier  words,  that  ciuidition 
in  which  the  protoid  (and  albuminofd)  fotnl  ei»ten  exactly  covers  the  loss  of 
proteid  (and  albuminoid)  in  the  bwiy  during  the  same  time.  If  an  animal 
is  giving  off  m(>re  nitroguii  in  its  excreta  than  it  receives  in  its  food,  then 
the  animal  must  be  U»sing  proteid  from  its  iKnly ;  if,  on  the  contrary,  the  food 
that  it  eats  contains  more  nitrogen  than  is  found  in  the  excreta,  the  animal  must 
fH'  storing  proteid  in  its  bmly.  A  conditinn  of  nitrogen  equilibrium  is  the 
normal  state  of  a  properly-nourished  adull.  It  is  irnjxirtant  to  rcrncmlicrthat 
nitrogen  equilibrium  may  be  maintained  at  different  levels ;  that  is,  one  may 
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l)ogin  with  a  starving  animal  and  slowly  increase  the  amount  of  nitrogenous  f(X)d 
until  nitrogen  e<|tiiHl)riiirn  is  just  establishwl.  If  now  the  amount  of  nitrog- 
enous food  is  increased — say  doubled — the  excess  does  not,  of  course,  continue 
to  be  8tore<l  up  in  the  animtirs  liody;  on  tlie  contmrv,  in  a  short  time  the 
amount  of  protei<I  dcstr(>ye<]  in  tlic  b(wly  will  he  increased  <«>  such  an  extent 
that  nitrogen  ef|ui]ihriutn  will  again  be  e^tabhVhe*!  at  a  higher  level,  tlie  animal 
in  this  case  eating  more  ami  destroying  more.  The  highest  limit  at  which  nitro- 
gen equilibrium  can  be  maintained  is  determine<l,  apj>arently,  by  the  power 
of  the  stomach  and  the  illt*^tines  to  digest  and  al>sorb  proteid  t'lMMl.  Further 
<ietails  upon  this  point  will  be  given  presently,  in  dcstrribiivg  the  nutritive 
value  of  the  food-stuffk 

Carbon  Eqnilihrinm. — The  (orm  ''carbon  «iuilibrium  "  is  sometimes  used 
to  descrilxj  the  wndition  in  which  the  total  carU^n  of  the  excreta  (occurring  in 
the  CO,,  urea,  etc.)  is  exaetly  covered  by  the  carbon  of  the  ftxxl.  As  one  can 
readily  understand,  i\\\  luiinud  might  Im*  in  a  (^nulltioti  of  nitrogi'U  i*quilibrinni 
and  yet  be  losing  or  be  gaining  in  weight,  sintv,  although  the  cousuniption  of 
proteids  in  the  b*jdy  might  just  be  covered  by  the  protetds  of  the  food,  the 
consumption  of  nori-proteids,  fats  and  glycogen,  might  be  greater  or  less  than 
was  covereil  by  the  s«[»ply  of  frnxl.  In  addition,  we  might  speak  of  an  equi- 
librium as  regards  the  water,  salts,  etc.,  although  these  terms  are  not  generally 
used.  An  adult  in  giwnl  health  usually  so  lives  as  to  kcfp  in  both  nitrogen 
and  general  IhmIv  c"i|inlibriuni — that  in,  t-*)  maintain  his  normal  weight — while 
slight  variatiuiis  in  weight  IVoni  time  to  time  are  probiibly  for  the  most  part 
due  to  a  loss  or  a  gain  in  bo<ly-fat — in  other  words,  to  changes  in  the  carlx)U 
equilibrium. 

Nutritive  Importance  of  the  Proteids. — The  digestion  and  absorp- 
tion of  protetds  have  been  considered  in  previous  sections.  We  believe  that 
thedigcst<'d  pr<*teid,  with  the  exception  of  the  varinble  quantity  that  snITvrs 
decompohiiion  in  ihf  intestine  as  a  result  of  putn^faction  or  fd*  tin-  pri>h»!iged 
action  of  tripsin,  is  absorbed  into  the  blood  after  undergoing  an  unknown 
mo<iitication  during  the  act  of  absifrption.  Subsequeully  this  proteid 
material  passes  into  the  lymph  and  is  brought  into  contact  with  the 
tissues.  Its  main  nutritive  im]K>rtanee  lies  in  its  relutions  to  the  tissues, 
and,  speaking  generally,  we  raay  say  that  the  final  fate  of  the  pr^)teid 
molecule  is  that  it  undergoes  a  physiologicjil  oxidation  whereby  the  complex 
niole<nde  is  broken  down  to  form  the  simpler  and  more  stable  com(H)unds, 
CO„  H/),  ureal,  sulphates  and  pho.sphates.  This  destruction  of  the  proteid 
molecule  takes  place  in  or  iindor  the  influence*  of  the  living  cells,  and  it 
gives  rise  to  a  lilxTution  of  energy  mainly  in  the  form  of  heat.  It  is 
ini|)0ssible  to  follow  the  various  ways  in  which  this  physiological  oxidation 
takes  place.  It  is  probable,  however,  that  H)me  of  the  proteid  nmlergoes 
<h*stniction  wiUiout  becoming  a  part,  an  organized  part,  of  the  living  cells, 
althtMigh  itAnxi<lation  is  effccte^i  through  the  agency  of  the  cells.  It  h:w  l)een 
proposed  by  Voit'  to  designate  the  proteid  that  is  oxidize<l  in  tliis  way  as 
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'Mhe  cirt'uljitinj^  albumin  or  proteid."  Accoixliug  to  Voit,  a  wt'll-fotl  animal 
has  in  its  lymph  iind  tissue**  always  a  certain  excess  of  pn>toid  which  is  to 
undergo  the  fate  of  the  drculatinji;  protcid,  and  this  supposition  is  used  to 
exphiin  tlio  fac-t  that  for  the  iirst  day  or  so  a  starving  animal  metaboILze& 
more  protei<l,  as  detcnninwl  l>y  the  nitrogenous  excreta,  than  in  the  subse- 
quent days,  after  the  supply  of  tlie  circulating  proteid  has  lxM?n  destroyed. 
A  portion  of  the  protcid  food,  however,  Ix'foro  its  final  di^strurlion  is  utilized 
to  replace  the  nitrugeiiouH  wastooftho  tis.-^ues;  it  is  huilt  up  into  living  proto- 
plasm to  supply  the  place  of  or^nisted  tissue  that  Iuls  undergone  disivssimi- 
hition  or  to  furnish  new  tissue  in  growintj  animals.  To  the  prnti'fd  that  is 
hnilt  up  into  tissue  Voit  givers  the  niune  of"  orgimeiweiss,"  lljc  host  (mnslatioa 
of  which,  |>erliaps,  is  "  tissno-proteid,*'  It  should  be  stated  that  this  division 
of  the  proteid  into  circulating  proteid  and  tis-^iie-pi-otcid  has  l->cen  severely 
criticjsud  hy  some  ]jhysii>Ii)gists,  but  it  hjts  the  merit  at  kust  of  furnishing 
a  simple  explanation  of  stmie  curious  facts  with  regard  to  the  use  of  pi-oteid 
iu  the  IxKly.  To  avoid  misundersianding,  it  is  well  to  say  that  the  sepa- 
rjition  into  circulating  proteids  and  tii^sn^'-proteids  docs  not  mean  that  the 
proteid  timt  is  absorhcil  ^nm\  the  alimentary  canal  is  of  two  varieties. 
The  terms  refer  to  the  final  fvd,e  of  the  proteid  in  the  body:  a  certain 
portion  Is  utilized  to  replac*e  pnitoplasmic  tissue,  and  it  then  becomes  **  tis- 
sue-proteid/'  whih"  the  fyalnnw  is  metalxiliKcd  in  variitus  ways  and  cou- 
fttituteB  the  "circulating  jiroteid.*'  Any  given  molecule  of  proteid,  ad  far 
as  is  kn(>wn,  may  fulfil  either  function.  With  regard  to  the  general  nutri- 
tive value  of  proteidsj  it  has  been  demonstrated  dearly  that  they  are  aliso- 
lutely  necessary  for  the  formation  of  protoplasmic  tissue.  An  animal  fed  only 
on  non-Ditrogeuons  food  such  as  fats  and  carbohydrates  will  inevitably  starve 
to  death  in  time  ;  this  has  been  shown  by  a<'tual  exjK>rinients,  and,  besides,  it 
follows  from  n  jn^iftt'l  c^)nsiderations.  Protoplasm  contains  nitrogen  ;  fats  and 
carbohydrates  are  imu-nitrogcnous,  and  therefore  «mnot  be  uswl  to  make  new 
protoplasmic  material.  It  Is  requisite,  moreover,  not  only  that  the  food  shall 
contain  some  nitrogen,  but  tliat  this  nitrogen  shall  be  in  the  form  of  proteid. 
If  an  animal  is  fed  upon  a  diet  oontaining  fata  and  rarbnliy<li'ntes  and  nitrog- 
enous material  other  than  proteids,  such  as  amido-aci^ls  or  gelatin,  nitrogenous 
equilibrium  cannot  be  maintained.  There  will  be  a  steady  loss  of  nitrogen  in 
tlie  excreta,  due  to  a  bivaking-down  of  proteid  tissue  within  the  IxmIv,  and  the 
final  result  of  maintaining  such  a  diet  wouhl  Ih"  the  death  of  the  animal.  It 
may  be  said,  then,  with  n*gard  to  animal  metabolism  that  pntteid  fowl  is 
absi»lutely  netjossary  for  the  formation  of  now  protoplasm^  its  place  in  thia 
respc.(!t  cjinnot  betaken  by  any  other  element  of  our  Wuh}.  lint,  in  addition  to 
tins  use,  proteid,  as  ha.s  been  described  above,  may  be  oxidized  in  the  liody  with- 
out being  first  constructx^d  into  protoplasmic  material,  Acconling  to  an  olilen 
theory  in  pliysiology,  advanced  by  I/iebig,  fmHl-stuffs  were  either  plastic  or 
respiratory  ;  bv  plastic  ftwxls  he  meant  those  that  are  Imilt  int*t  tissue,  and  he 
suppos«*d  that  the  protrids  l)elong^'d  to  this  class  ;  by  respiratory  (VkmIs  Iu*  meant 
those  that  are  oxidized  or  burnt  in  the  body  to  produce  heat :  the  fats  and 
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earlx^hydniteft  constituted  this  class.  We  now  know  tlint  prutetds  arc  respi- 
rator)' as  well  as  pltt^tic  in  the  terms  of  tins  tlKi>r\* ;  thoy  serve  as  sources  of 
enei^  as  well  as  to  replace  iis-nie,  and  Licbij^'s  classification  has  therefore 
fallen  into  disuse.  Onr  fircsent  ideas  iif  the  twofold  use  of  proteid  \\hm\  may 
be  supported  by  many  observations  and  experiments,  but  |>erliaps  the  meet 
striking  proof  of  tfie  coriTctness  of  tlnse  views  is  found  in  t!ie  fact  that  a  car- 
nivoroiLs  animal  cjin  be  k<'pt  in  \mi\\  nitrr^en  and  carbon  e<|niIibriiHn  n[>on  a 
meat  diet  only,  excluding  for  the  time  a  (Minsidcratiou  of  the  water  and  inorganic 
salts.  Pettenkofer  and  Voit  kept  a  dut;  weijjliinfj  30  kilograms  in  nitrogen 
and  carbon  equilibrimn  upon  a  diet  of  1500  grams  of  lean  meat  per  day,  and 
hy  increasing  the  diet  to  2500  grams  per  day  the  animal  even  gained  in  weight, 
owing  to  an  increase  in  fat.  Pflfiger  static  also  that  he  was  able  to  keep  a  dog 
in  body-equilibrium  as  long  as  eight  montlis  nj>on  a  meat  diet.  Facts  like 
these  demonstrate  that  the  animal  organism  may  get  nil  its  necessary  energy 
fn>ni  protuid  fiKnl  alone,  allhongh^  as  we  shall  see  later,  it  is  nioi*c  ectjiiom- 
ical  and  more  boneticial  to  get  a  |mrt  of  it  at  least  from  the  oxidation  of 
fats  and  carl>ohyd rates.  Adopting  the  theory  of  '* circulating  proteids,"  we 
may  say  that  any  ex«*fi.s  of  pi*oteid  aUne  that  utilized  for  tissue-re|wiir 
or  tissue- growth  will  l>e  metabolized  in  the  Ik^Iv,  witli  the  liberation  of 
tmcrgv.  It  makes  no  diiferenw'  how  much  proteid  material  we  consutUL'  : 
the  exoesB  lM»yond  that  used  to  re])laeo  tissue  is  qnieJcly  destroyed  in  some 
way,  and  its  uitn>g<n»  apjiears  in  the  urine  as  urea  or  one  of  the  n'lated 
con»jM)UU<ls.  A  g«XKl  exami)le  •►f  the  power  of  the  tissues  to  oxidize  large 
amoants  of  proteid  is  given  in  the  folhtwing  experiment,  selectMl  from  a 
pafier  by  Pfluger.  Dtig,  weight  28,1  kilograms,  fed  at  11  a.  m.  with  2070.7 
grams  of  meat : 

2070.7  Kmms  of  meat  coolain ti9.2  gmms  N. 

Toul  oitro^en  eliiuinuted  in  iirioe  and  feces  in  twenty-rour 

houre  i7  A.  M,  lo  7  A,  M.) 71.2      "       " 

Defiiil  of  N 0.96 gnmu. 

The  total  nitrogen  in  the  urine  alone  was  68.5  grams. 

In  urine  rrmu  7  a.m.  Io  U  a.  m^  the  fatitin^'  peritid fi.9  grams. 

In  urine  fpHii  11  a.  M.  to  7  a.  m.,  lime  after  feeding Cl.U     " 

Therefore  in  the  four  hours  of  fasting  the  animal  eliminated  in  his  urine 
1.7  grams  X  |>er  hour,  while  in  the  twenty  hours  after  cjiting  he  excretetl 
3.1  grams  N  per  hour.  This  ex)>eriment  shows  not  only  the  completeness 
with  winch  an  extvssive  proteid  diet  is  hand]e<l  by  the  tissues,  but  also  the 
rapiility  wilii  which  the  excft^s  is  destrf»y(Ml.  In  so  far  as  jimteid  food  is  burnt 
iu  the  body  only  as  a  source  of  enei^'  and  without  being  used  to  form  newtis- 
pu^,  it*  place  can  lie  supplic^l  in  i>ait,  but  only  in  jwirt,  by  non-nitrogenous  food- 
stuffs— carbohydrates  and  fats.  The  dotible  use  of  proteid  as  a  tissue-former  and 
an  energy-producer  wonM  seem  to  imply  that  if,  in  any  given  case,  sufficient  pro- 
teid were  u.se<l  in  the  diet  to  c<jver  the  tissue-waste,  the  balance  of  the  diet  might 
be  corap<i9etl  of  tats  and  carlMihydrates,  and  the  animal  thereby  be  kept  in  nitrog- 
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cnousGqtiilibrium.  Apjtarently^  this  is  not  tlie  case,  as  is  seen  from  ex|)eriment8 
of  the  following  character :  When  an  animal  \b  allowed  lo  starve,  the  iiitn^n  in 
the  urine,  after  lln*  first  few  <luys,  hi'tMmt^  pmt'tiiiilly  *^!t>nstant,  ami  repi*esentB 
the  amount  of  oxidation  of  protoid  tis«uc  taking  place  in  tlie  body.  If,  now,  the 
animal  is  given  an  amount  of  proteid  just  efjual  to  that  being  dej»troyed  iu  the 
body,  nitrogenous  equilibrium  is  not  established  ;  some  of  the  lKtdy-]>rotcid  con- 
tinues to  be  lost,  and  to  get  the  animal  into  equilibrium  a  eomparatively  large 
excess  of  proteid  must  be  given  in  the  fofKl.  The  same  result  hol<ls  if  carbo- 
hydrates and  fats  are  given  along  witli  the  jirotcid^  with  the  exception  that  upon 
this  diet  nitrogen  Hjuilibriuni  i.s  more  readily  tstablishf^l — tliwt  is,  less  ])roteid 
is  roqiiircil  in  the  tb*jd.  Upon  the  theory  of  rirculatiug  proteid^  and  tissue- 
proteitls,  this  fact  may  he  accounted  for  by  saying  tliat  of  the  proteid  given  as 
foewl^  a  part  always  undergoes  desti'UctJon  a.s  oirrulnting  prnteid  without  going 
to  fiM'in  tissue,  so  that  to  cover  titisue-waste  a  larger  ainiKiul  of  proteid  must  i»e 
taken  as  food  than  would  be  necessary  if  it  could  all  be  used  exchisively  for  the 
repair  of  tissue.  Carlxjliydratos  and  fats  diminish  the  amount  of  pn:»teid 
destnjyciJ  as  circulating  proteifl,  and  lhenl>y  enable  us  io  keep  in  nitrogiin 
equilibrium  on  a  smaller  proteid  diet.  AVith  allnimiuoid  fmul  (gelatin)  the 
facts  seem  to  be  d>fferc*nt.  If  albinninoi<ls  be  given  in  the  fooil  togetlier  with 
proteids  or  with  pmtcids  and  a  iion-nitrogfjimns  foiKl-stuff  (fats  or  carlxv 
hydrates),  nitrogen  equilibrium  may  be  establisheil  upon  u  much  smaller 
amount  of  proteid  than  in  the  ease*  of  a  diet  consisting  of  proteid  alone  or  of 
proteid  together  with  fats  and  carbohydrates.  It  seems  probable  that  albu- 
minoids can  tike  the  plate  cntirclv  ofeirenhiting  proteids,  so  that  only  enough 
proteid  need  l)e  given  to  cover  actual  tissue-wjiste.  This  [wint  will  be  referred 
to  again  iu  speaking  of  the  value  of  the  albuminoids. 

Liixius  Cojisumplion. — The  fact  that  normally  more  proteid  ia  eaten,  even 
in  a  mixril  diet,  than  ia  necessary  to  cover  the  actual  tissue-waste  led  some  of 
the  older  physiologists  to  si)eak  of  tlie  extKSs  as  unnecessary,  a  luxns,  and  (he 
rapid  destruction  of  the  excess  in  the  body  was  described  as  a  *Muxus  con- 
sumption." There  can  be  no  doubt  about  the  fact  that  pi'oteid  may  lie,  and 
normally  Is,  eaten  in  excess  of  what  is  neeessiiry  to  repair  tif^ue-waste,  or  in 
excess  of  what  is  requisite  to  maintain  nitrogenous  equilibrium  at  a  low 
level.  But  it  is  altogether  improbable  that  the  excess  is  really  a  **luxus." 
It  has  been  stated,  in  s|icnking  of  nitnigenous  equilibrium,  that  an  animal 
may  l>e  kept  in  this  eondition  u|K>n  a  certain  minimal  amount  of  pro- 
teid, or  upon  varitm-i  larger  amounts  up  to  the  limit  of  the  pjwer  of  the 
alimentary  canal  to  digest  and  absorb ;  but  it  has  also  been  shown  (Mnnk') 
tliat  if  an  animal  is  liil  njMJii  a  dlt't  e(nitaining  quantities  of  jiroteid  barely 
enffi<*ient  to  maintain  N  equilibrium,  it  will  after  a  time  show  signs  of  mal- 
nutrition. It  seems  to  be  necessary,  as  Pfluger  pointed  out,  that  the  tissuefl 
should  have  a  ccTtain  excess  of  proteid  to  destroy  in  onler  that  (heir  nutri- 
tional or  metabolic  powers  may  be  kept  in  a  condition  of  normal  activity. 
Hence  we  find  that  well-nourislu^  individuals  habitually  consume  more  proteid 
than  would  theoretically  suffice  for  X  equilibrium.     For  example,  the  average 
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diet  of  an  nfliilt  nitilo  contains,  or  should  <»ontain,  from  10()  to  118  grams  of 
protcid  yKT  »lay,  hut  it  lias  Ixm  phown  that  nitrojrt'n  ami  hiKiy  equilibrium  in 
mnn  may  be  maintaiin'tl.  for  sh<irt  |>cno<ls*  at  least,  upon  40  or  even  20 '  grams 
of  proteid  a  day,  providcnl  large  amounts  of  fats  or  carbohydrates  are  eaten. 
It  is  scarcely  n«*<ie8sarv  to  add  that  this  beneficial  exeefw  hiis  u  limit,  and  that 
too  great  an  excess  of  proteid  tbiwl  may  cause  troubles  of  digestion  its  well  as 
of  general  nutrition. 

Nutritive  Value  of  AlbuminoidB. — The  albuminoid  most  fi-eqiitntl^'  oc- 
curring in  food  is  gelatin.  It  \^  derived  from  colfar/en  of  tlie  eoruarlive 
tisBnee.  Collagen  of  bones  or  of  connective  tinene  takes  up  water  when  txiiled 
md  becomes  converted  into  gelatin.  We  eat  gelatin,  lhf'reft>re,  in  l>oiled  nieiits, 
Boops,  etc.,  and,  Ixjsides,  it  is  fiv(|uently  emplnyeil  dii*eclly  as  a  food  in  the 
form  of  table-gelatin.  Collagen  ha>»  the  follavving  |>erccntage  comj>o*»ition : 
C,  50.75  i>er  cent. ;  H,  6.47  ;  N,  17.86  ;  O,  24.32  ;  S,  0.6.  It  resembles  the 
pniteid  molecule  closely  in  pcn^entngecomposition,  and  it  would  seem  that  the 
titssuf'S  might  use  it  as  they  do  jimteid,  for  the  fonuiitioii  of  new  pnititplasni. 
Experiments,  however,  have  demonfttrate<l  clearly  that  this  is  not  the  ca*^. 
Animals  fed  u|Min  ulbumin<»itls  togf^thcr  with  fiits  Hn<l  <':irlM>hydnites  do  not 
maintain  N  etjuililjriuui ;  a  cerlaiu  i»roporti(Hi  of  (issue  breaks  down,  giving 
an  excess  of  nitrogen  in  the  urine.  The  final  result  of  such  a  diet  would  \*e 
continued  h>ss  of  weight  and,  finally,  malnutrition  and  dejitli.  Gelatin,  how- 
ever, is  readily  iligested,  gi?hitoses  and  gelatin  iieptoncs  lx?ing  formed;  these 
are  abaorl^ed  and  oxidize*!  in  the  l)ody,  with  the  formation  of  COj,  n,0,  and 
urea  or  some  rehuetl  nilrogen^ms  pnxluct.  Gelatin  serves,  then,  as  a  source 
of  energy  to  the  l>ody  in  the  same  K-^ensc  as  do  farbtjhydrates  and  fats.  When 
any  one  of  these  tlii'ee  sul^staiiees  \a  used  In  a  diet,  the  pR*|x>rtion  of  pn>teid 
necessary'  for  the  inaintenam-e  of  N  efjuilibrium  may  be  redm-ed  greatly.  Upon 
the  theory  of  circulating  jiroteids,  this  i;*  explained  by  saying  that  these  sub- 
stances are  burnt  in  platv  of  jirotekl,  and  tliat  the  proptvrtion  of  this  latter 
material  which  utidergoes  the  fate  of  circulating  proteid  is  therc*by  diminigijed. 
Actual  experituonts  liavc  shown  that  g^'lutin  is  more  efficacious  than  either  fats 
or  carlK>hy<lrates  in  pnittHting  the  j>rotei<I  in  (he  l>ody,  urn!  it  htis  Uhmi  sug- 
gested, tlierefore,  that  it  may  take  the  place,  portly  or  completely,  of  the  circu- 
lating pn>loid,  a<vording  to  the  aiiinunt  fed.  If  this  suggestion  is  true,  we 
may  say  that  gelatin  has  a  nutritive  value  the  same  as  that  of  the  proteids, 
except  that  it  mnnot  he  oonstrncted  into  living  proteid.  The  relative  value 
of  fats,  carbi»hydrato#i,  and  gelatin  in  protecting  proteid  from  d<«truction  in 
the  body  is  illustratetl  by  the  following  experiment,  reported  by  Voit.  A  dog 
weighing  32  kilograms  was  fed  alternately  upon  proteid  and  sugar,  proteid 
and  fat,  and  prt>ttiid  and  gehitin : 

I  of  flesh 


Koiirliihnivnt 

Utmnu). 

ruicateivd  dtftn 

Meat. 

GclAtln. 

Tmt. 

8u«mr. 

tabodr(» 

4nu 

— 

200 

— 

450 

400 

— 

— 

250 

439 

400 

200 

— 



AM 

<8tv£n:  Skiindinavuaket  Archie  fur  iMyno/o5ri>,    1899,  Bd.  10,8.  91. 
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Practically,  however,  tlie  use  of  gelatin  in  diets  '\&  restricted  by  it«  unpalata- 
blenesswlion  U8*mI  in  hirgc  quantitir's.  Wlnit^^verniayUc  tlic  pliysiological  C4iui»e 
of  tliisjM'i'uliarity,  tliort^  m^l-iu.s  to  hv  ito  <li>uUt  that  when  employed  largely  in  the 
diet  both  aiiinml^  and  men?oondovelo|isiieiian  aver*!ion  to  itthatit  isueees^ary 
to  dli^coMtlmie  its  use.  Munk  '  has  attempted  to  determine  how  far  the  proteids 
of  foo<l  nuiy  \\o  replaced  by  gelatin.  In  the^oexperlnienlti  a  dot;  wiis  brought  into 
aeonditioii  of  nitnit^enous  efjuilibriiiin  iijm)ii  a  diet  of  fiesh,  meal,  rice,  and  lunl, 
containing  9.73  gnimsof  nitrogen.  Do  ring  the  period  this  diet  was  continued  the 
animal,  who.-^e  weight  was  lG,o  kilognuns,  was  oxidizing  in  its  bcKly  3.7  grams 
of  pniteid  daily  for  e^jch  kilogram  i)f  weight.  In  a  &o<'otid  periin]  lasting  four 
days  the  ijuantities  of  rice  and  lunl  were  the  name  as  before,  but  the  proteid  in 
itri  diet  was  n*diiee<l  tt>  8.2  grams,  whioh  enntained  1  .o  grams  of  nitrogen  ;  the 
halanee  of  the  necessary  nitrogen  was  supplied  in  the  form  of  gelatin,  so  that  in 
round  numbers  only  one-seventh  of  the  requin^d  daily  amount  of  nitrogen  was 
given  as  protei*!.  Tlie  result  was  that  the  animal  maintained  its  nitrog»'n  eijui- 
librinm  for  the  short  jieriod  stated.  It  was  found  that  tlu;  experiments  could 
not  he  continued  longer  than  four  days,  owing  to  the  growing  dislike  of  the 
animal  for  thegidatln  fotKl.  During  the  seeond  ])erl(Ml  the  animal  was  receiving 
in  its  f  hkI  and  burning  in  its  ImmIv  only  0.5  gi-am  of  piY^teld  <laily  for  each 
kilograni  of  weight,  as  against  ^.1  gninis  upon  a  uiirnud  diet.  It  is  usuallv 
stated  that  it  is  not  possible  lo  substitute  fats  or  carbohydrates  for  the  prou^ids 
of  our  diet  to  the  same  extent,  hut  the  experiments  of  Siv^n  quote<I  on  tlie 
preccfling  page  indicate  that  this  common  belief  nuiy  be  incorrect. 

Nutritive  Value  of  Fats.^Tlie  fats  of  fiKxl  aiT  aljwjrU^d  into  the  lacteals 
as  neutnd  fats.  They  eventually  reach  the  bloofl  in  tliis  e<imlition,  and  ar«» 
af^erwanl  In  Hrinie  way  consmM<y|  by  the  tissues.  TIjc  final  pr(Mlnet.s  of  their 
oxidation  must  lw«  the  same  ns  when  burnt  outside  the  body — namely,  CX), 
and  ILO — and  a  corresponding  amoimt  of  energy  must  be  libcratetl.  Sj>eak- 
ing  generally,  then,  the  essential  nutritive  value  of  the  fats  is  that  they  furnish 
energy  to  the  body,  and,  from  a  ehernitid  standpoint,  they  must  contain  more 
availalile  energy,  weight  for  weiglit,  than  the  [iroteids  or  the  carbohydrates 
(see  p.  365).  In  a  well-nourished  auinial  a  lai^e  anumnt  of  fat  is  fuund 
normally  in  the  adijMjse  tissues,  p;vrtieularly  in  the  so-called  ''})auui«'u]us 
adi|Kifias"  Itx^neath  the  akin.  Physiologi(fllly,  this  body-fat  is  to  be  regarded 
as  a  reserve  stipply  of  nourishment.  When  fo<«l  is  eaten  nnd  nl)sorb€d  in 
excess  of  the  actual  mctnlx^lie  pHK-essos  of  tlie  bmly,  the  excess  is  stored  in 
the  mlipose  tissue  as  fat,  to  be  drawn  upon  in  case  of  need — as,  for  instance, 
during  partial  \\v  c*»tn|)lete  starvation.  A  stjirving  animal,  atter  its  small 
supply  of  glycogt'H  is  cxhausttHl,  live.**  enttix'ly  uj)on  body-proteids  and  faljs ; 
tlie  larger  the  supply  of  fat,  the  more  effectively  will  the  proteid  tissccs  be 
protected  from  dostruetion.  Tn  act^trdanee  witli  this  fitct,  it  has  been  .^^hown 
that  when  aubjectetl  to  complete  starvation  a  fat  animal  will  survive  longer 
than  a  lean  one.  Our  supply  of  fat  is  willed  upon  not  only  during  complete 
abHteution  from  food,  but  also  whenever  the  diet  is  insidlietent  to  cover  the 
oxidations  of  the  Ixxly,  :ls  in  deficient  fotxl,  sickness,  etc. 

*  PflS^a^i  Arehiv/ur  (Ik  geaamnue  PhysioiotfU,  laW,  ll«le.  Iviii  S.  309. 


^^        CHEMISTRY  OF  PJOKSTlOy^  AND  NUTRITION,  361 

Formation  of  Fat  in  the  Body. — Tin*  origin  of  iMHly-fut  hui*  always  Ixh?ii 
au  inteivwtinj^  problem  lo  phy^i^ilrr^i-^ts.  Niitunilly*  the  first  .«iip|x>sition  nmde 
WiiM  that  it  (Y>n»e8  tliri'ctly  ftorii  thi*  Tat  i»r  thu  IVmkL  AixHmling  to  this  view, 
a  i-ertaiii  pn)jxirtiou  i>f  tlie  tat  of  the  ftHxl  watt  suppociCil  to  be  Jep<i«it<?(l  dii-eclly 
iu  the  t«lls  of  a«lijMK«c  tissue,  and  in  this  wriy  all  fjur  supply  \}f  fat  ori^iuutiil. 
This  tiieory  was  sixai  lii^provoiil.  Jt  was.sliown,  especially  ujx)d  cow.s  ami  l^i|^, 
that  the  amount  of  fat  formed  in  the  body  within  a  given  time,  induding  tlie 
fat  of  milk  in  the  nu**-  r»f  the  cow,  inij^ht  l>e  far  in  exo**  of  tlie  total  amount 
of  fat  taken  in  tfie  FocnI  during  the  same  |H'ri(>*J,  thus  demonstrating  tluit  a  cer- 
tain proportion  at  least  of  the  body-fat  must  have  Rome  other  origin.  More- 
over, the  genesis  of  the  rai-drn|>li»ts  in  (at-etills,  asslndi4'<l  under  the  mien)MHi|»e, 
did  not  agree  with  the  old  view  ;  and  tliere  was  tlie  further  fact  tliat  eaeh  animal 
luw  its  own  i^eouliar  kind  of  fat;  as  Liebig  says,  "  In  hay  or  the  other  fuUhr 
of  oxen  no  beef-.suet  exist;*,  and  no  h(»g's  lanl  ean  l>e  iSjund  iu  the  [Kitato  iffnsc 
given  to  swine.**  I  n  faet»  the  evfitentv  wai>  so  eonelnj*ive  against  this  theory  that 
physiologists  for  a  time  were  \(A  !<>  adopt  (he  opjxi^ite  view  that  no  I'at  at  all  win 
be  obtained  directly  from  the  fat  of  the  fofxl.  However,  it  has  now  lioen  shown 
that  under  ivrtain  oonditiou.s  fat  may  be  dejKiHite*!  direetly  iu  the  tissut^  from 
the  fat  of  food,  I>'lH:^h-lT,  and  afterward  Minik,  prov*'<l  that  if  a  dog  is  fii*st 
starved  until  the  reserve  8U|>pIy  of  fat  in  the  body  is  prartioally  need  up,  and 
it  is  then  fed  rielilv  n|>on  fon'ign  fats,  such  ib*  miM^-sfMnl  oil,  lin.s*'ed  oil,  or 
mutton  tallow,  it  will  i^ain  lay  on  fat,  atul  some  of  tli*'  foivign  fat  may  1^ 
delected  in  its  body.  The  eoadltions  necessary  to  l>e  fuifilKxl  in  order  to  get 
this  result  make  it  ]>rolKtbh'  tliat  nnder  normal  conditions  none  of  the  fat  of 
tlie  Ixnly  is  denvctl  ilireetly  fnmi  ihe  fat  of  the  food.  On  the  eontmry,  the 
fat  of  the  food  is  *x>m]>letely  oxidized,  and  lair  Ixxly-fat  is  normally  oon- 
struoted  anew  from  cither  proteids  or  earbohy<lrates.  As  to  its  origin  from 
pn)teid,  Voit  ba^  devoted  numerous  researeluis  to  the  purj)o6se  of  demon- 
strating that  this  is  the  main  source  of  IwHly-iat.  Ills  U'lief  is  tJiat  in  the 
course  of  metabt>lism  the  proteid  molecule  umlergi»es  a  cKiivage,  with  the  for- 
mation of  a  nitrogiMiitus  and  a  uou-nitrogenon-i  [«»rl.  The  former,  after  furtlier 
changes*,  is  elimlnateil  in  the  form  of  urea,  etc. ;  the  latter  may  lie  eonv<Tt4xl 
into  fat,  or  possibly  into  glywigen.  The  thcoi*etioal  ntaximum  of  fat  which 
can  arise  in  tliis  way  is  ol..^  jxt  i^ut.  of  the  entire  amount  of  proteid.  Voit 
attempts]  to  demonstrate  this  the*)r)*  by  actual  ex|}eriment£.  He  showed  that 
dogs  fed  tipon  large  amounts  of  lean  meat  did  not  give  off  as  much  carbrai  in 
the  excreta  as  they  retvived  iti  the  fo<Kl.  The  excess  of  csirbon  must  have  l>e<;a 
retained  in  the  body,  and,  in  all  pnitiability,  in  the  form  of  fat.  As  o.irrob- 
orative  evidence  he  cites  the  apjKirently  direct  conversion  of  proteid  nmteriul 
into  fat  in  such  cases  as  the  formation  of  fat-<:lropIels  in  the  fat-<x?lls  or  i-ells 
of  the  mammary  glands,  ami  in  mus<»Ie-fibrc!S  and  liver-cells  undergoing  fatty 
degeneration  ;  but  evidence  of  this  latter  character  is  not  conclusive,  since  we 
have  no  immetliate  proof  tliat  the  fat  arises  flirectly  from  the  proteid  material 
in  the  cells.  Voit's  experimental  evidemv  has  been  questione<l  recently  by 
i'tlfisrcr,  his  criticisms  being  *iirec^te<l  mainly  toward  the  calculations  involved 
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in  Voit's  experiments.  The  result  of  this  criticism  has  been  to  make  u»  more 
cuutitiiis  in  attributing  the  urigin  nf  h<Mly-fat  soMy  or  miiinly  t<t  pn)tpifl8,  hut 
as  reganls  the  pijesibilily  r»f  some  pn»toi(l  lieiiii^  foiivertetl  into  fat  in  the  Uxly 
there  can  be  no  reasonable  Joubt.  It  ha.s  been  provetl  (p.  3'3S)  that  glycogen 
may  be  formed  from  proteitl,  and  j^inne  it  is  now  generally  siceepteil  that  fats 
are  forniwl  from  carbuhy*h^Ue.s,  i\\v  p4«isibility  of  an  indirect  pnxluction  of  fati< 
from  jiroteitl.s  seem^  to  follow  nec^^-ssarily. 

Tlie  connection  between  the  carlM»hyd rates  of  the  f<x>d  and  the  fat  of  tiie 
IhkIv  has  been  a  subject  of  diwoRsion  and  investij^ition  nmoni;  phvsiolotrists 
for  u  nurnlMi'r  of  veal's.  It  was  the  original  belief  of  Liebig  that  carbohydrates 
are  the  source  of  body-fat.  This  view  wais  afterward  abandoned  nnder  the 
inflnenfc  of  the  work  of  Pi^tciikofer  and  Vf»it,  but  renewed  investigations  seem 
to  have  nM^stuUJished  it  tipou  solid  t^\j»t*itrnental  griuuidft.  In  some  okler 
experiments  of  Lawes  and  Gilbert  it  was  siiown  that  the  fat  laid  on  by  a  young 
pig  during  a  certain  perfo*!  was  greater  than  could  l>e  accounte<i  for  bv  the 
total  fat  in  the  fcMnl  during  tliat  period,  ]ilus  the  tlicoreticwl  maximum  obtain- 
able froui  the  proteid  f<xl  during  the  ^amc  time.  Of  more  recent  expcrirnentB 
demonstniting  the  same  point,  a  single  example  may  lie  quoted  from  Rubner,' 
as  follows:  A  small  dog,  weighing  f>.2  kilograms,  was  fed  richly  with  meat  for 
two  flays  and  was  then  slaiviHl  for  two  day.-j;  its  weight  at  the  end  of  this  lime 
was  5.89  kilogramn.  The  animal  was  then  given  for  two  days  a  diet  of  cane- 
sugar  100  grams,  starch  85  grams,  and  fat  4.7  grams.  It  was  kept  in  a  respira- 
tion apparatus  and  its  total  excretion  of  nitrogen  and  carbon  was  determined: 


■ 


Total  C  excretion 87.10  grams  C 

"      C  ingesta nO.fl        "       *' 

89.5        "       " 


retained  in  the  bodr 
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The  total  nitrttgen  excretwl  ^  2.55  grama  The  carlxju  contained  in  tlie  pro- 
teid  thus  broken  down  plus  that  in  the  4.7  grams  of  fat  =  13  grams.  If  we 
make  the  assumption  that  all  of  tlie  V  from  tliis^e  two  sources  was  retained 
M'itliin  (he  l)0{iy,  there  would  still  Ih;  a  balance  of  7().5  grams  C  (89.5 —  13.0) 
which  niUfit  have  been  sloi'ed  in  ihe  botly  cither  as  glyeogeu  or  as  fat.  The 
greatest  possible  storage  of  glycogen  was  estimatc^l  at  78  grams  ^  34.6  grams 
C,  so  tiiat  76.5  —  34.6  =  41.9  griuu^  C  as  the  minimal  amount  which  must 
have  U^'U  retained  as  fat  and  luiist  have  uri.seu  fnmi  the  carbohyd rates  of  the 
food.  Similar  exj>erimeuts  have  been  made  upon  herl)ivomu8  animals^  and 
as  die  result  of  investigation:^  of  this  character  we  are  eompellcd  to  admit  that 
the  carbohydrates  form  one  S4iuree,  ami  pi>ssibly  the  nuun  sourc<?,  from  which 
the  body-fala  are  denveil.  Thin  belief  accords  with  the  well-known  fact  that 
n  fattening  stiK-k  the  I>esl  diet  is  one  ct>ntaining  a  large  amotmt  of  carl)o- 
hydrate  together  with  a  certain  quantity  of  proteid.  On  the  view  that  fata 
were  formwl  only  from  proteids,  the  cfli«icy  of  the  (air be ►h yd  rates  in  such  a  diet 
was  snppofectl  to  He  in  the  fart  that  tiiey  protw'teil  a  purl  of  the  proteid  from 
oxidation,  and  tluB  pcrinittcMl  the  formatiou  of  fat  from  proteitl  ;  but  it  is  now 
believed  that  the  caiiHthytlraterf  of  a  fattening  diet  are,  in   part,  converted 

»  ZcUMfiriJlfw  Biolnqif,  1886,  B»l  22,  S.  21%. 
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dirortly  to  fat,  iilthoti^h  the  rheniistrv  of  the  tnmstnrrmition  is  not  as  vft 
understood.  Diets,  ^u^h  a-s  the  woll-kuuwn  Bantiiip  <lit't,  intei)ded  to  reduce 
ol>e^itT  are  characterize*!,  ou  the  contrary,  by  a  small  projiortion  of  earbo- 
hydnite*?  ami  a  rt'Iiitlve  exci-Hs  of  prott'i<l. 

Nutritive  Value  of  Oarbohydrates. — The  nutritive  importance  of  the 
carbohydrates  i^  ^imihir  in  general  to  that  of  the  fats;  they  are  oxidized  and 
funiiflh  cnerijy  to  the  Ixxly.  In  afhlitinn,  :l^  Iuw  U'en  deserilx'd  in  tlie  pre- 
ceding pnmgniph,  ihi^y  may  be  couvertutl  into  i'at  and  stori'd  in  the  UmIv  as 
a  reserve  supply  of  nourisliment.  As  a  matter  of  fact,  the  rarlK»hydrates  form 
tl»e  bulk  of  ordinary  du-ts.  They  are  easily  digestcil,  ea'^ily  oxidizwl  in  the 
bodv»  and  from  ri  financial  sfandpnint  thry  form  the  cheaiK^t  f^Kxl-stuff.  The 
final  pnxhietH  in  ihi*  piiysiitU^lnil  oxi<lanon  of  carbohydrates  must  be  CO,  and 
HjO.  Inasmuch  iw  the  II  and  ()  in  the  molwule  ah'cady  exist  in  the  proper 
propf>rtions  to  fonu  M/)  (C^II,/)^,  CijII^/),,),  it  follows  that  relatively  less  oxy- 
giMi  will  l>e  nwilc^l  in  tlii"  mmhustion  nfnirlMihyd rates  (ban  in  the  caKc  of  proteida 
or  of  fats.  Whatever  may  be  the  actual  prtK-ess  of  oxidation,  we  may  consiiler  that 
only  as  much  O  is  ncwlod  as  will  suffit^  to  oxidize  the  C  of  the  sugar  to  CO^ 

Hence  the  ratio  of  O  aKsorl)6<l  to  Ct),  eliminated,  -^,  a  ratio  that  is  known 

as  the  respiratory  <|Uotient,  will  approach  nearer  to  unity  as  rhe  quantity  of 
carbohydrates  in  tlie  <liet  is  increased.  From  our  study  of  the  digestion  of 
carbohydrates  (p.  318)  we  have  found  that  most  of  the  carbfihydrates  of  onr 
food  pass  into  the  hlo<Kl  as  dextniw  (or  levulose),  and  any  exces.s  above  a  cer- 
tain percentage  is  i-onvcrtwl  tf'injKirarily  t<i  glycr^en  in  the  liver,  the  nniscles, 
etc.,  to  Ik*  agitin  rliaiipMl  to  dexh'os^^  iM'fure  l)cing  nse<].  The  sntjar  undergoes 
final  oxidation  in  the  tissues  to  CO,  and  H^O.  While  it  is  (xisRible  thiit  this 
oxidation  may  Ix^  din-^'l — that  is,  that  thesiigjir  may  Iks  burntdireclly  to  COj,and 
H/) — it  is  usiially  supposed  ro  he  pn-retled  hv  ;i  splittiti)^  of  the  sugar  mole- 
cule, altiiough  the  steps  in  the  pnx^esa  are  not  definitely  known. 

There  ha**  been  discovere<l  rfrmtly  in  ronuetition  with  the  pancn'as  a  num- 
ber of  facts  that  are  interesting  not  only  in  themselves,  but  doubly  so  because 
they  promise,  when  more  fully  invostigate<l,  to  throw  some  light  on  tlxMuan- 
ner  of  conpuniptioti  i»f  sugur  by  the  tissues.  (See  al.so  seeti<m  on  Intmial 
Secretions.)  It  has  ijeen  .shown  by  von  Meriug  and  Minkowski  *  and  others 
that  if  the  pancreas  of  a  dog  is  completely  removed,  tlie  tissues  lose  the  power 
of  consuming  sugar,  so  that  it  accuiiiuhLtrs  in  the  bliHxl  and  tinallv  escapes  in 
the  urine,  causing  what  has  Im-cu  ralh'd  ''pancreatic  iliabetes."  If  a  small 
part  of  the  pancreas  is  left  in  the  IxHiy.evon  though  it  is  not  connecte<l  by  its 
<luct  with  thedutMleunm^iliahctes  does  not  occur.  The  inference  usually  made 
from  these  experiments  is  tliattheiKincreasgivesoff  something  to  the  blond — an 
intenml  secn'tiou — that  is  necessary  to  the  physiological  consumption  of  sug:ir. 
In  what  way  the  pancreas  exerts  this  influence  has  yet  to  l>e  discovered  ; 
possibly  it  is  through  the  action  of  a  specific  enzyme  that  helps  to  break 
down  the  sugar;  jxissibly  it  is  by  some  other  means.     Hut  the  necessity  of 

*  Arrhivfur  t/ftrrimfhteUe  Patkoiot/ie  und  Pknrm/ik&to^U^  1893,  zxjiL  S.  85. 
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the  imncreas  in  .some  way  for  the  inH'nial  cfnisiimption  of  sugar  bv  the  tissues 
generally  seems  to  be  indisputjibly  established.  It  is  a  discovery  of  the  utmost 
ira|K>rtance  In  its  relations  to  the  normal  nutrition  of  the  body,  and  alt^o 
because  of  its  possible  bearing  on  the  |>athologicjd  condition  known  as  dinbefrji 
mfffiiitji.  In  tfiis  lattt^r  <lispiisr  the  tissnos,  for  some  n^son,  are  unable  to 
oxidize  the  .snpir  in  normal  amounts,  and  a  good  |iart  of  it,  therefore,  eMca]>es 
through  the  urine.  The  facts  and  theories  bearing  upon  diabeto»  are  of 
unuHiial  interest  in  connection  witli  the  nntrilive  liistnry  of  the  carlx>hyd rates, 
but  i'or  a  fuller  dcscrij)tioii  relVrenoe  must  be  made  to  more  claliorate  works. 

Another  statement  in  connection  with  the  fate  of  sugar  in  the  lx>dy  is 
worthy  of  a  brief  reference:  It  has  l>een  assert^tl  by  Lepine  and  Barral  that 
there  i.s  normally  pn^sent  in  bliMwl  an  enzyme  mpaljle  iif  d*^iroying  sugar. 
Their  thefjry  res(.s  u]>on  the  undoubted  fact  that  sugar  addocl  to  blood  outside 
the  botly  soon  disapixiars.  They  call  the  pnxvss  ''  glycolysis,"  and  the  enzyme 
to  which  they  attribute  this  disi^pj>earanee  the  "glycolytic  enzyme."  Others, 
however  {Artha**),  have  rilaimed  that  ibis  enzyme  is  only  a  post-mortem  result 
of  the  disintegration  of  the  cor|niscles  of  the  blood,  and  that  it  is  not  present 
in  cinrulating  MfMxl.  We  must  await  further  investigation  u[X)n  this  point, 
and   be  ciintf'ut  here  with  a  mere  referen(*e  to  the  subjtH^t. 

Nutritive  Value  of  Water  and  Salts. — Water  is  lost  daily  from  the  body 
in  large  quantities  through  the  kidney,  the  skin,  the  lungs,  and  the  fi^oeii^  and 
it  is  replaocfl  by  water  taken  in  the  (VwmI  nr  sepunitely,  and  partially  also  hy 
the  water  formed  in  the  oxidations  of  the  body,  A  certain  percentage  of 
water  in  the  tissues  antl  in  the  liquids  of  the  body  is  naturally  absolutely 
essential  to  the  nonual  play  of  met;iboiism  ;  :ind  conditions,  such  as  muscular 
exercise-,  that  increase  the  water-loss  bring  about  also  an  increased  water- 
consumption,  the  regulation  being  effectcil  through  the  nervous  mechanism 
that  mediates  the  sensation  of  thirst.  The  water  taken  into  the  body  does 
ni>t,  howi'vur,  serve  directly  as  a  source  of  encrg}*,  since  it  is  tiiially  eliminated 
in  the  form  in  which  it  is  fciken  in  ;  it  serves  only  to  replace  water  lost  fnjm 
the  tissues  and  liquids  of  the  JMidy^und  it  furnishes  also  the  nienstnnim  for  the 
Yaric<l  chemical  reactions  that  take  place.  Continued  deprivation  of  water 
leads  to  intolerable  thirst,  the  cause  of  which  is  usually  referred  to  the  altered 
composition  of  the  tissues  giriernlly.  including  the  pert|)heral  nervous  system. 

Jnoiyanic  S<ilij<, — The  essential  value  of  the  inorganic  salts  to  the  proi)er 
nutrition  of  the  body  does  not  com numly  force  itself  upon  our  attention,  since, 
as  a  nde,  we  get  our  pr<»pcr  supjdy  unenusciou.sly  with  our  foodj  without  the 
necessity  of  making  a  deliberate  sekM-tlon.  Na(_'i  (common  table-s^iU)  forms 
an  exception,  however,  to  tliis  rule.  Speaking  generally,  inorganic  salts  do 
not  serve  as  a  source  of  heat-energy  to  the  Ixniy — that  is,  the  reactions  that 
they  may  undergo  are  not  a<vompanied  by  the  tnuisfftrmalion  of  a  material 
amount  of  chemical  energy  into  heat.  On  the  *)ther  hand,  their  presence  ami 
distribution  by  virtue  of  their  osmotic  pressure  may  exercise  an  important 
influenft'  upnn  the  movement  of  water  in  the  body.  Mostrtf  the  salts  found  in 
the  urine  and  otiier  excreta  are  eliminated  in  the  same  (brm  in  uhit-ij  ihcv 
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were  received  iiitu  tlie  body.  Some  of  them,  however,  notably  the  phosphates 
and  the  sulphates,  are  forme<l  in  tla'  ctKii^ic  of  the  nietulx»lLsiu  of  the  tissues, 
and  witliout  doubt  reactions  of  variou^s  kinds  occur  afflvting  the  oomixieition 
of  many  of  the  salts — for  example,  the  (kM-omposirion  of  the  chlorides  to  form 
the  HCI  of  gastric  juii-e.  But  these  reactionn  do  not  materially  influence  the 
supply  of  energ}'  in  the  body :  the  value  of  the  adts  lies  in  the  general  fact 
that  they  are  necessary  to  the  maintenanw  of  tlie  normal  phy^iical  and  chem- 
ical properties  of  the  tissues  and  the  IxKly-fluids.  Experimental  investigation  * 
has  shown  in  a  surprir^ing  way  how  imniHliatoly  imfx^rtant  the  salts  an?  in  this 
Twpect.  Forster  fetl  dogs  an<1  pigeon*  on  a  diet  in  whirli  the  saline  cxinstit- 
uent.s  had  been  much  reduced,  although  not  completely  removed.  The  animals 
wen;  given  pntteids,  fats,  and  carl>oliydnit*'s,  l)iit  tliev  s4Hin  |)as8eil  into  a 
moribund  condition.  It  Mccmo<l,  in  fact,  that  the  anintaln  died  more  (juickly 
on  a  diet  poor  iu  salts  than  if  they  had  been  eiitirtily  deprivetl  of  f(»od. 
Similar  expiTimentH  were  made  by  Ijinin  upon  mice,  with  correspomling 
rei^ults.  He  showetl,  moreover,  that  while  iniw  live  very  well  upon  cow'ti  milk 
alone,  yet  if  given  a  diet  almost  free  from  inorganic  salts,  consisting  of  the 
caiirin  and  fats  of  milk  phis  cane-sugar,  theyswion  dietl.  MortK)ver,  if  all  the 
inorganic  salts  of  milk  won*  added  to  this  diet  In  th<'  pro|>ortion  in  wliich 
they  exist  in  the  a«h  of  milk,  the  mixture  still  failo<l  to  siip|H>rt  life.  It  would 
Mcm  from  this  result  that  the  inorganic  salts  cannot  fulJil  completely  their 
proper  functions  in  iln-  l>ody  unlesH  tliey  exist  in  some  hjmhmuI  combination 
with  the  organic  constituents  of  the  food.  In  this  connection  it  is  well  to  l)ear 
in  mind  that  proteids  as  they  occur  in  nature  seem  always  to  be  combined 
with  inorganic  salts,  and  the  properties  of  proteids,  as  we  know  them,  are 
nndoubtcdly  de}x?ndeiit  in  jwirt  u|K>n  the  presence  \y{  tliis  inorganic  constituent. 
We  may  assume  that  the  original  synthesis  of  the  organic  and  inoi'gsinic 
constituents  is  niiMle  in  the  plant  kingdom,  and  that,  in  its  own  way, 
the  inorganic  cnnstitiicnt  of  the  inolccnle  is  as  necessary'  to  the  proper 
nutrition  of  the  animal  tissues  as  is  tlie  organic.  One  salt  (NuCl)  \a 
consumed  by  many  animals,  induiling  man,  in  excess  of  tlie  amount  uncon- 
sciously ingested  with  the  fixMl.  Bunge  {joints  out  that  purely  cnrnivomus 
animals  are  not  knt>wn  to  crave  this  salt,  while  tlie  herbivoni  with  some 
exceptions — for  example,  the  rabbit — take  it  at  times  largely  in  excess. 
The  need  of  salt  on  the  piirt  of  these  animals  is  well  illustnttcd  among  the 
wild  forms  by  the  ejigerness  with  which  they  visit  salt-licks.  Hungc  advantx-s 
an  ingenious  theory  to  account  for  the  diflerence  iR'tween  the  herbivoni  and 
the  i-arnivora  in  regard  to  the  use  of  salt.  lie  |»nints  out  that  in  plant 
food  there  is  a  relatively  lai^  excess  of  potassium  salts.  When  these  salts 
enter  the  liquids  of  the  body  they  reairt  with  the  NaCl  present  and  a  mutual 
decomposition  ensues,  with  the  formation  of  KCI  and  the  sodium  salt  of  the 
acid  formerly  combined  with  the  potassium,  and  tJie  new  salts  thus  formed  are 
eliminated  by  the  kidneys  as  soon  as  they  accumulate  beyond  the  normal  limit 

Bun^e:  Ph^tiohgieal  and  PaUtohgieai  Ch^miMtry^  tmuUt«d  by  WooJdrulge,  1890. 
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In  this  way  the  normal  proportion  of  NaCl  in  the  tissues  and  the  body-fluids 
is  lowennJ  aud  a  craving  iur  the  salt  is  pnxlueed.  Buuge  states  that  it  hiiK  l)pen 
»howo  among  men  that  vegetarians  habitually  consume  more  salt  than  tho^ 
who  are  accustomed  to  eat  meats.  The  salts  of  calcium  and  of  iron  have  also 
a  special  im|H)rtauce  that  nccfls  a  word  of  refenmce.  The  pailicular  impcirt- 
anoe  of  the  iron  salts  lies  in  their  relation  to  haemoglobin.  The  continual 
formation  of  new  red  hloxl-corpusc^les  in  the  body  retjuires  a  supply  of  iron 
salts  for  the  synthesis  of  tlir*  lirenioglobin,  and,  although  there  is  a  probability 
(seep.  'i2Z)  that  the  iron  couifKiuud  of  the  disintegrating  c'<>rpuM;le8  is  again 
used  in  jxirt  for  this  purpos*^  we  must  suppose  that  the  l>ody  requires  addi- 
tional iron  in  the  i'mA  from  time  to  time  to  take  tlie  place  of  that  which  is 
ujidoubtedly  lost  in  the  excretions.  It  has  been  shown  that  iron  is  contained 
in  animal  and  vegetable  fixxls  in  the  form  of  an  orgiiuic  eomf>ound,  and  the 
evideiKv  at  hand  g^xis  to  show  that  only  when  it  is  so  rornlnned  can  the  iron 
be  absorbed  readily  and  utilized  in  the  body,  while  the  efficacy  of  the  inor- 
ganic salts  of  iron  as  furnishing  directly  a  material  for  the  production  of  haemo- 
globin is,  to  say  the  leitst,  open  to  doubt.  Bunge  isiiluted  from  the  yolk  of 
eggs  an  iron-containing  nuclei n  which  he  c^lls  hfrmafoffni^  l>emuse  in  the 
developing  hen*s  egg  it  is  the  only  s^uin-e  from  whifli  the  iron  required 
for  the  pro*luction  of  ha?mitglol)in  can  be  obtaint^i.  It  Is  pot^sil)Ie  that  sim- 
ilar compounds  occur  in  other  articles  of  ftKxl.  Most  of  tlie  iron  taken  with 
food,  however,  including  that  present  in  the  ha?moglolnn  of  meats,  passes 
out  in  the  feces  unalisorlied.  It  is  ]>rolMible  tliut  there  is  au  actual  excre- 
tion of  iron  fmn*  the  U^ly,  and,  sii  far  as  known,  this  excretlun  is  effected 
in  small  part  thnmgli  the  nrinc  and  bile,  but  nininly  through  the  walls  of  the 
intestine, the  ir(»n  beitig  eliniinutvd  fiTuilIy  in  the  tW'es.  The  large  proportion 
of  calcium  salts  fonnd  in  the  skeleton  implies  a  special  need  of  these  salts  in 
the  fofxl,  particularly  in  that  of  the  young.  It  has  been  shown  that  if  young 
dogs  are  fed  upon  a  diet  p«>or  in  Ca  siilts,  the  bones  fail  to  develop  properlv^ 
and  a  condition  similar  to  rickets  in  children  lxxH)nieri  up[»aiX'Ut.  In  addition 
to  their  relations  to  Unte-formation  and  the  fact  that  they  form  a  normal  con- 
stituent of  the  tissues  and  litjuids  of  the  btxly,  calcium  salts  are  necessan'  to 
the  c*x»gnIation  of  blood  (sec  p,  o?),  and,  moreover,  they  seem  to  be  connected 
in  some  intimate  way  with  the  rhytliuiic  ctaitmetilily  of  heurt-nuiscle,  aud, 
indeed^  with  the  normal  activity  of  ])rotoptasai  in  g<?ueral,  animal  as  well  as 
plant.  Notwithstanding  the  sjwcial  importance  oi"  cnlcium  in  the  b<¥ly,  no 
great  amount  of  it  seems  to  be  iiuriually  absiubetl  Ktr  excreted.  Voit  has 
Htiown  that  the  calcium  eliminated  from  the  l)ody  is  excreted  mainly  thnmgh 
the  intestinal  walls,  but  thiU  nmst  of  the  Vti  in  the  feces  is  the  nuabsorlxMl  Ca 
of  the  f(Kxl.  It  is  |K)ssible  that  the  Ca  must  Ix*  present  in  some  sjwicial  com- 
bination in  order  to  be  absorbed  aud  utilized  in  the  body.  A  point  of  special 
interest  in  conne(^tion  with  the  nutritive  value  of  the  Inorganic  salts  was  brought 
out  bv  Bungi'  in  some  analyses  of  the  bculy-ash  of  sucking  aninials  in  com- 
parison with  analyses  of  the  milk  and   the  bloo*!  of  the  niotiicr.      In  the 
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cASf  of  the  dog  lie  obtained  the  foliowiug  rcsultH  (mineral  constiturnts  in 
1(H)  jwrts  of  ash) : 

Youiiff  Pup.  Poff's  Mtlk.  I>09'8  Serum. 

,  K,0 8.5  10.7  2.4 

L  NajO 8.2  0.1  52.1 

^B  CaO 35.8  3^.4  2.1 

^H  MgO 1.6  1.5  0.5 

^H  F,0, 034  0.14  0.12 

^H  Vfi^ 39.8  37.5  5.9 

^P  Ct 7.3  12.4  47.6 

The  romaikable  quantitative  n'JHinhliUK'e  iK'tween  the  asL  of  milk  and  tl»e 
&sh  of  the  bmlv  of  the  yomif;  imli«ites  ihiit  tlio  inort^anir  cnnstitnonts  of  milk 
are  esj>e<'ially  aduptcMi  tn  tlio  rnxnlH  r>f  the  young;  while  the  (•(jitally  striking 
difference  l>rtw<»eM  tlie  ash  of  milk  and  the  asli  of  the  matermd  hloo<l  tioenis  to 
ahou' that  the  inoi-^Tinie  srdls  of  milk  are  formetl  from  the  IdotHl-sierum  not 
simply  by  dilTiision,  hut  rather  hy  some  sehniive  .seort'ton*  aet.  These  faets 
come  out  most  markedly  in  connection  wrth  the  CaO  and  the  Vfi^,  For 
liirther  details  xvs  to  tlie  liistory  of  caleium  and  iron  in  the  body,  consult  the 
section  on  Cliemistry  oi'  the  Body,  under  calciuvt  and  iroji, 

I.  Accessory  Articles  of  Diet  ;  Variations  op  Body-metabolism 
UNDER  Different  Conditions;  Potential  Energy  of  Food; 
Dietetics. 

Accessory  Articles  of  Diet. — By  aree*«ory  articles  of  diet  we  mean  those 
suljstauci'f^  that  are  take[i  with  fiMHl,  liot  for  the  purpose  of  replneinfi;  ti-^feue  or 
yielding  energy*,  Init  to  add  (<»  the  enjoyment  of  ejiting,  to  stiniiiiate  the  ap|>etite, 
to  aid  in  digestion  ami  aljfiorption,  or  for  soineotherisnlwidiary  jiurpose.  They 
include  sneh  tilings  a.s  the  condiments  (niustani,  |>ep|K?r,  etc.),  the  flavors,  aud 
the  fetimnlants  (aladiol,  c<»tfee,  tea,  chocolate,  beef-extractsi).  They  all  possess, 
undoubtedly,  a  positive  nutritive  or  digestive  value  beyond  contributing  to  the 
mere  plea^ureH  of  the  palate,  but  their  importance  is  of  a  Huhordinate  character 
as  <'om|Kire<l  witli  the  so-call(,*d  alimentary  principle!;.  They  maybe  omitte<l 
from  the  diet,  as  hapjxMis  or  may  hap|K'n  in  the  case  of  animals,  without 
attecting  injuriously  the  nutrition  of  the  Ixnly,  aliliougli  it  is  pn»bable  that 
neither  man  nor  the  lower  animals  would  voluntarily  eat  fotwl  entirely  devoid 
of  flavor. 

Stimu^nnU. — The  well-known  stimulating  eftect  of  alcohol,  tea,  coffee,etc.,  is 
generally  attributed  to  a  s|x*cific  action  on  tlie  nervous  system  whereby  the  irri- 
ttdulity  t»f  the  tissue  is  increased.  The  physioh)gic^l  etlect  of  tea,  coftee,  and 
chooolate  is  due  to  the  iilkuhnds  caflein  (trimethyl-xanthin)  and  theobromin 
(dimethyl-xanthin).  In  j=mull  dtwes  these  snbstautvs  are  oxi<lized  in  the 
IwMly  aud  yiekl  a  corres|»ijnding  amount  of  energy,  but  their  value  from  this 
0tand))oint  is  altogether  unimportant  comjKired  with  their  action  as  stimulants. 
Aleohol  also,  when  not  taken  in  too  large  quantities,  may  be  oxidized  in  the 
body  and  furninh  a  not  inconsiclerablc  amount  of  energy.  It  is,  however,a 
matter  of  controversy  at  present  whether  alcohol  iu  small  doses  C4in  l>e  con- 
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sidered  a  true  food-stuff,  capable  of*  replacing  a  correspoudiiig  amount  of  fate 
or  of  carbohydrates  in  the  daily  diet.  The  evidence  is  partly  for  and  |>urtly 
agiiinsit  «iich  a  use  of  alcohol.  A  number  of  observers'  contend 
that  when  the  btxly  is  brouj^ht  into  n  coiiditiou  of  nitrogenous  equilib- 
rium on  a  given  diet  of  proteids,  fats,  and  cariiohydratcs,  and  a  certain  pro- 
portion of  the  carbohydrates  or  f:its  is  then  n-placed  by  an  ijiodynumic 
amount  of  ahnthol — that  is,  by  an  amount  of  alcohol  that  on  combustion  would 
yield  tlie  same  amount  of  heat — the  body  does  not  remain  in  nitrogenous  equi- 
librium, but,  on  the  contrary,  lo^es  in  nitmgeu,  thui;i  imliciitlng  that  the  oxida- 
tion of  alcolioi  in  the  \\m\y  does  not  protect  tht  protcid  from  consumption  as 
in  the  case  of  the  uou-nitrngenouft  footl-stuffs,  fats,  and  carbohydnites. 
Miura,  for  example,  brought  himself  into  a  condition  of  nitrogen  equilibrium 
upon  a  mixed  diet.  Then  f<ir  a  certain  pcriotl  a  ])ortion  of  the  carlH^liyilnite* 
wa.s  4iMiittcd  from  the  diet  and  it8  place  Hiil>stit(ile<l  by  an  isodynaniic  amount 
of  alcohol.  The  result  was  a  loss  of  prolcid  fnmi  the  body,  Hhowiug  tliat  the 
alcohol  had  not  protected  the  protcid  tinsuc  as  it  sliould  have  done  if  it  acta 
as  a  f*xHl.  In  a  tbiri.!  puriiMl  tlio  old  (Fu-t  \v:is  resunuMl,  and  after  nitrofifen 
equilibrium  had  again  been  establishctl  the  same  pniporti<jn  of  carbohydrate 
was  omitted  fnmi  the  dict»  but  aIcohi»]  was  not  Bube^titutc^l.  When  the  diet 
was  poor  in  proteidj  it  was  fouticl  that  less  proteid  was  h»st  from  the  body  when 
tlie  alcohol  was  omittc<I  than  when  it  was  used,  indicating  that,  so  far  from 
pnitcetiiig  the  pn^teid  of  the  body  by  its  oxidation,  the  alcolud  exercised  a 
directly  injurious  effect  n|K>n  protcid-consuniption.  Atwater,^  on  the  con- 
trary, as  the  result  of  elaborate  exi>eriuieul8  in  which  the  heat  production  was 
determined  cakirimctrieally  and  the  body  nictjibolism  was  det^'rmine*!  also 
from  an  exaniiuatiun  of  tlu^  excreta,  finds  that  alcohol,  when  snbslituted  for 
the  no!i-nitrogenous  food-stuffs,  does  }>rotcct  the  protcid  of  the  l>ody  fmni 
consumption  just  as  the  fats  and  carbohydrates  do,  and  is,  therefore,  entitled 
scientifically  to  tlic  dt^si»rnatioii  of  a  food-stufl'.  So  also  Geppert  ami  Zunix 
foinul  tliat  alcohol  in  suiall  dosc»s caused  no  increase  in  the  oxygen  consumed, 
in  spite  of  the  fact  that  it  was  burnt  in  tlie  body  j  the  supposition  in  this 
case  was  tliat  tlio  burning  of  tltc  aJcoliol  sjived  some  nf  the  body  material  from 
consimiption.  Nunicrous  other  researches  might  bo  quoted  to  show  that  the 
efTcct  of  moderate  quantities  of  alcohol  upon  body-metabolisni  is  not  yet  satis- 
factorily nndcrstood.  It*'torc  making  any  positive  statements  as  to  the  details 
of  its  action  it  is  wise,  therefore,  to  wait  until  reliable  experunental  reault>^ 
have  accumulated.  The  specific  action  of  alcohol  on  the  heart,  stomach,  and 
other  organs  has  been  investigated  more  or  less  completely,  but  the  literature 
is  too  great  and  the  results  are  too  uncertain  to  permit  any  extended 
r6sum6  to  be  given  here.  NVlicn  alcohol  is  taken  in  excess  it  produces  the 
familiar  symptoms  of  intoxication,  which  may  pass  subsequently  into  a  con- 
dition of  stupor  or  even  death,  provided  the  quantity  taken  is  sufficiently 

*  ZeiUfhrift  /.  Jt/in.  Median,  1892.  Bd.  rx.  S.  137.    See  also  RosemaDn :  Arehitt  Jvcr  die  grv 
atntntt  Phtfxiuiotjie^  1899,  Bd.  77,  S.  405,  for  referenoM. 
■  American  Journal  of  Physiaioyy^  1900,  vol.  3,  p.  xii. 
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great.  80,  also,  the  long-conlimicd  use  of  ak-olml  in  loi^*  quantities  is  knuwn 
to  produce  ecrious  legions  of  the  stomuehf  livery  nerves.  hlocKl-ve.S(scl6,  and 
other  or^ns.  As  has  horn  stated  liefi^re,  alcohol  is  ahsorhed  easily  from  the 
sUmiach  am!  seems  to  inrroase  the  absoqitiou  uf  other  soluble  substanees.' 
Upon  the  digestive  action  of  the  proteolytic  and  amylolytic  enzymes  alcohol 
in  certain  streng;ths  has  a  n^tarding  effect,  but  in  small  percentages  its  action 
is  not  noticeable.'  Upon  the  secretion  of  sjiliva  and  gastric  juice  it  has  a  dis- 
tinct stimulating  actionv**  and  its  action  \\h  a  geiuM-ul  stimulant  to  the  ccutnd 
nervous  sA'stem  is  indiwited  by  its  effect  on  the  n'action  time,  and  under 
certain  conditions  iijtou  muscular  exertion  as  mcnsure<l  by  the  ergogrnph.* 
The  effect  of  iih'uliol  upm  the  ImmIv  evitlciitly  varies  greatly  with  the  {juuu- 
tity  used.  It  may  perhaps  be  said  with  wifety  that  in  small  cpiantitics  it  is 
lK»ncficiab  or  at  least  not  injnriiMis,  barring  the  danger  of  ac(piiring  an  alcohol 
habit,  while  in  large  <pmntitits  it  is  directly  injurious  to  vari4»us  tissues. 

Condiments  and  Flavors. — These  substances  pro])ably  have  a  directly  lM*ne- 
ficial  effect  on  the  processcsof  digestion  by  |»ronioting  the  seeretion  of  sjiliva, 
gastric  juice,  etc.,  in  addititm  to  the  i]ii]K>rtant  fact  that  they  increase  the  pa! - 
atableness  of  food,  and  hence  increase  the  desire  for  AhmI  nnil  the  secretion 
of  the  gastrie  juice,  Witli  n'fcreuce  to  (}»e  cttniliiiients,  Bnindl  has  shown 
that  mustani  and  pepper  also  marke«lly  inereaw  the  abM»rption  of  soluble 
products  from  the  stomach. 

He/f-ic/t^  Ment-^Keirdefa, — The  recent  ex|>criments  of  Fawlow  and  his  co- 
workers (see  S4!ction  on  Secretion)  have  shown  that  thest!  substances  have  a 
si>ec;irtc  value  in  their  stimulating  efleet  upon  the  g;»stric  glands.  They  appt-ar 
to  contain  substances  that  act  as  definite  secretogogues  towiinl  these  glands. 

Conditdons  Influencing  Body-metaboliom. — In  eonsidering  the  influenee 
of  the  various  food-!?tut}s  upm  bo*ly-metabolism  we  have  for  the  nn)st  |nirt 
neglected  to  mention  the  eff*ect  of  changes  in  the  condition  of  the  body.  It 
gote  witliout  saying  that  such  things  as  nuisedlar  work,  sleep,  variations  in 
lemfK'rature,  etc.  have  or  might  have  nn  iui]x>rtiii]t  effect  uyxm  the  ehanictcr 
and  amount  of  the  chemical  chanp-s  going  on  in  the  body,  and  in  conse- 
quence a  great  ninny  elaborate  investigations  have  boon  made  to  ascertain  pre- 
cis<My  the  effect  of  c»fmtli(ions  such  iis  those  mentioned  Ti|>on  the  amount  of 
the  excretir>ns,  the  pnKluction  4>f  Iiejit  iti  the  btnly,  and  other  similar  points 
which  throw  light  upon  the  nature  of  the  raclal>olic  processes. 

EffcH  of  MiiAruhr  llor^*. — It  is  a  matter  of  common  knowledge  that  mus- 
cular work  iuereaweH  the  amount  of  food  consumwl,  and  therefore  tlie  total 
body-nietabolisra,  but  it  has  been  a  point  in  controversy  whether  the  increascil 
oxidations  afle<'t  the  proteid  or  the  non-proteid  material.  Acconling  to  Liebig, 
the  source  of  the  energy  f»f  muscular  work  lies  in  the  metabolism  of  the  prot<'id 
constituents,  and  with  increased  muscular  work  there  sliould  be  increased  de- 


>  Brandl :  Zritvkri/I  Jur  BiMgie,  1892,  Bd.  29,  8.  277. 

'  Chiuenden  anri  Mendel :  Amtrtcfin  JounuU  of  the  Mfdieal  SfienecM,  1896. 

'  ChttlenJen,  Meud«l  aiul  Jackson  :  Amerimn  Jvumai  (^  I^^iotoffy,  1898,  vol.  L  p.  164. 

*  Schunibcrg .  Ardm  fUr  Pkymologicy  1899,  Happl.  Bd.  &  289. 
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struction  of  proti'ul  ainl  an  iiuTi'a^e  in  llic  iiitroi^ciious  excretions.  That  tlie 
total  energy  of  niUM'iilar  wark  is  not  denvtxl  f'rr>rn  tlio  oxitlation  or  metalK)lwm 
of  proteitl  alone  was  clearly  demonstrated  bv  the  famous  experiment  of  P^ick 
and  Wislicrnns.  Those  jthysiojoj^ists  aseendt^il  the  Fmillmrn  to  a  height  of 
lyot)  meters.  Knowiot^  tiie  wei^jht  of  his  bo*ly,  eaoli  could  estimate  how  much 
work  was  done  in  ascending  sucli  a  height  Tick's  weight,  for  example,  was 
66  kiliiirfnniH,  therefore  m  climbing  tfie  mountain  he  pcrfoniiod  Ofi  X  1056  = 
129,Oi>(i  kilognimrni'tci's  of  work.  In  a4l(lii:i(>n,  the  w(»rk  of  the  heart  and  tlie 
reepiratorv  mux^les,  which  conid  not  be  determined  accurately,  wa.s  estimated 
at  3(>/>0()  kiliitrraminetei's.  There  wa.*t»  moreover,  a  certain  amount  of  nui«»ular 
work  pcribrmed  in  the  nvovcnicnlH  of  the  arms  and  in  walking  u|K>n  level 
ground  that  was  omitted  entirely  from  their  c:dciilations.  For  seventeen  hours 
before  the  jtseent,  during  ihe  climb  of  eight  hours,  and  for  six  hours  afterward 
their  tl  Hid  wasmtirrlv  non-niti'ogcnotifl,  so  that  the  urea  eliminated  came  entirely 
fn>i)i  thv  |iniUul  ol*  llir  body.  Nevertheless,  when  lliv  urine  was  collected  and 
the  urea  estimated  it  was  found  that  the  potential  energy  containe*!  inthepro- 
teid  destroy<''l wasenlirrly  insid!ici<'nt  toatrtmnt ftr  the  work  dnni'.  Altliough 
later  estimates  wouUI  juodify  somewhat  th<'aetnal  figures  oi' their  caleulation, 
the  raat^in  was  so  threat  that  the  experiment  lias  been  aecept*?d  as  showing 
eonelusivoly  tliat  tlie  tut^d  energy  of  muscular  work  does  not  come  necessarily 
from  the  oxidation  of  ])rotcid  alone.  Later  ex]^)erin*ents  made  by  Voit  upon 
a  dog  working  in  a  trcjid-whcel  and  upiui  a  man  |H'ri*orniing  wiirk  while  in  the 
respiratory  chainlHT  (p.  344)  gave  the  hurjjrising  restdt  that  uot  only  may  the 
energy  of  muscular  work  l>e  far  greater  tlian  the  jwitentiul  energy  of  tlie  proteid 
8imuhanc(.Hisly  oxidized,  luit  that  the  (fcrfnrmanct;  of  nuismlar  work  within 
certain  limils  does  uot  atfect  at  all  the  amount  of  proteid  metabolized  in  the 
body,  since  the  output  of  urea  Is  the  same  on  working-days  iis  <Iuriug  days  of 
rest.  Careful  experiments  by  an  English  pliysiologist,  Parkcit,  made  ujKm 
soldiers  while  resting  and  after  performing  long  mim4ics  showed  also  tliat 
theiv  is  uo  dlstiuet  iiiei-ease  in  the  exeri'tioii  of  uren  alter  muscular  exercise 
It  followed  frorn  these  experiments  that  Liebig^s  thtn^ry  as  to  the  source  of 
the  energy  of  muscular  work  is  incorrect,  and  that  the  increase  in  the  oxida- 
tions in  the  IhmIv  ifiai  iindoiibti^dly  fK'curs  during  mnsenlar  activity  must 
adect  only  the  non-proteid  material,  that  is,  the  fat^i  and  carbohydrat4's.  More 
recently  the  (|uestion  waa  reopened  by  cxperiineuta  made  under  Pfluger 
by  Argutinsky.^  In  these  experiments  the  total  nitn»gen  excretoii  wiis  deter- 
miueil  with  esjx.'cial  care  in  the  sweat  as  well  as  in  the  urine  and  the  fect^a. 
The  muscular  work  d»fne  consisted  in  long  walks  and  niountain-climba. 
Argutinsky  found  that  work  caused  a  luarked  incpea.se  in  the  elimination  of 
nitrog<3iJ,  the  iueivase  extending  over  a  period  of  three  days,  and  he  estiinat<xl 
tliat  the  additional  piMteid  metaboliise*!  in  eonser|tiem'e  of  the  work  was  suf- 
ficient to  account  for  most  of  the  energy  exixjiided  in  jwrfonning  the  walks 
and  clinil>s.  A  nunilNT  of  ohjertions  have  been  made  to  Argntinskv's  work. 
It  has  been  utiserted  thai  during  his  experiment  he  kept  himself  upon  a 
'  PHiifjrr'e  Archw /Ur  die  gfsammte  Phyeiologif,  1890,  vol.  46,  p.  652. 
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diet  defioieut  iu  litHi-protcid  nmterial;  that  if  the  supply  of  thiu  nmterlal  Lad 
been  sufficient,  none  of  the  aiUlUunial  protdd  would  have  bwn  oxidiztnl.  It 
raust  bo  admitted,  hrnvevcr^  that  iho  oxp*TimenLs  nf  Ar^titinsky  com|)ol  us  to 
state  the  ]>roposilinM  ab<»ve  as  to  the  relation  lx?tw*^rn  musr-nlar  work  and 
proteid  nictidHilism  iu  a  more  careful  way.  It  is  ueoes^ry  to  modity  tlic 
etitement  generally  made  to  the  extent  of  sayinir  that  nuis<'uhir  work  causes 
no  increase  in  protrid  luetflholisni,  providi'd  thi'  supply  of  non-nitroj^^cnoiiM 
fo«Hl  xa  abundant. 

If  now  we  cimijxin'  the  amounts  of  Ol.  t^Iiniinatetl  diu'itii;  work  and  during 
rest,  it  will  be  IVuind  th:it  tliere  Ls  a  very  deeiJed  iuerease  (hiring  work.  In  the 
experiments  nmde  by  Pettenkofer  and  V^oit  the  COj  given  off  by  a  nmn 
during  a  day  of  niusfular  work  was  nearly  douhlf"  that  eliminated  durin;j  a 
n^ting-<lay.  Indcd,  the  same  f-.u-t  has  l>e(Mj  tibsi^rve*!  n-jK^atedly  upon  it^tlatnl 
mnseloj^  made  to  (tintract  by  artificial  stimuli.  Assuming,  then,  that  mus<*ular 
work  ctiu-ses  no  increase  iu  tlie  nitrogen  excreted,  but  a  tuurked  increase  in  the 
(XJj  eliminnteil,  we  are  justified  in  siying  that  the  energy  of  muscular  work 
under  iiortmd  conditions  comrs  mainly,  ii'  u<(t  cxeliinively,  from  the  oxidation 
-of  non-proteid  material.  The  machine  tliut  does  the  work,  the  muscle,  is 
jHtf  erv^Uencc  a  pix)teid  tissue,  but  the  normal  rc^^til^g  metabidism  of  it8  pro- 
tei<l  substance  is  not  increasal  by  tlie  chcmicid  changes  of  coritracti<»n.  Or> 
toput  it  in  another  way,  the  chemical  changes  that  give  rise  to  the  enei^  lib- 
eratetl  in  cimtniction  may  involve  unly  the  n<jn-|)rolt'id  material.  It  in  interest- 
ing to  reuiemWr  in  this  connection  that  the  consumption  of  glycfigen^  or  of 
the  8Uji:ar  derivcnl  from  it,  is  inlirnately  <*onnectcd  with  muscular  work.  The 
glycogen  of  the  IkkIv  in  an  animal  deprived  of  fiMnl  eiisi]pj>cai's  much  more 
rapidly  if  the  animal  is  made  to  work  hi!!>  nmst^-les  than  if  he  remains  at 
rest.  In  an  exi>erirnent  by  Kiilx  upon  well-tld  dogs  it  was  found  (hat  the 
glycogen  was  prjictimlly  all  used  up  in  a  single  ikstitig-day  during  which  the 
animals  did  a  great  d^-al  oi'  work.  Morat  and  Didimrt  have  shown  als(>  that 
a  ina*?cle  after  pn»K>ngtd  contraction  takes  much  more  sugiir  from  the  bkHn]  than 
it  did  previous  to  the  contraction,  and  Ilarley  ^  finds  that  jwwer  to  perform 
raus^'ular  work  mav  l)e  increascfl  and  susceptibility  to  fatigue  l>e  diminished 
by  eating  .sugi\r  in  fpiantitifs.  It  is,  in  fact^  generally  agrce^l  that  glycogen  is 
usc^l  up  in  muscle-contractions,  but  the  way  in  which  the  destruction  of  the 
glycogt'n  is  f'f!W*t«l  is  not  <lctinitcly  known.  After  the  gly<t>gen  has  U^en  con- 
9Utne<l  it  is  jiroltable  tliat  the  other  ixmstituents  of  the  IhkIv,  the  fats  and  the 
pn>teids,  are  adltnl  u|)«m  to  furnish  the  necessary  energy.  For  this  i*eason 
we  should  expect,  in  a  person  pei-forming  cxoessive  muscular  work,  that  there 
would  be  an  increased  destniction  of  proteid  when  the  supply  of  non-proteid 
f<NKl  is  insuflicient. 

}feiabo!ivtn  during  Sfrrp. — It  has  been  shown  that  during  sleep  there  is  no 
marked  tliminution  of  the  nitrogen  excrete*!,  and  thcpefore  no  distinct  dwrease 
in  the  pn>leid  metabolLsm;  on  the  auUniry,  the  CXD,  eliminated  and  the 
oxygen  alisorbed  are  unquestionably  diminished.     This  latter  fact  tinds  its 

■  JowwU  of  Phyniolw^,  1604,  vol.  xvi.  p.  97. 
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simplest  explanation  in  the  supposition  that  the  rauscles  are  less  active  during 
sleep.     The  ninscles  do  loss  work  in  the  way  of  ct>nti-actions,  and,  in  additioa, 
prol>abIy  suffer  a  diminution  in  tonicity  which  also  affects  their  total   meta 
olism. 

Effect  of  VariaHona  in  Tnnperainre. — In  warm-blooded  animals  variations 
of  outside  temperature  within   ordinary  limits  do  not  affect  the    body-tem- 
perature.    A  full  account  of  the  means  by  which   thi.s  regulation   is  effected 
will   l>e   found   in  tlie  section   ujkiu   Animal   Heat.     So  long  as  the  tem|>er- 
aturc  of  the  boiiv  remains  eonstant^^  it  has  been  found  that  a  fall  of  outside 
te[n[M'r:iture  may  incirease  tho  oxidation  of  non-proteid  material  in  the  horly, 
the  increase  being  in  a  general  wuy  pro|M)rlional  to  tho  fail  iu  temperature. 
That  the  increased  oxidation  averts  the  non-proteid  constituent-s  is  shown  by 
the  fact  that  the  urea  remains  unchanged  in  quantity^  otlier  ctmditions  being  the 
same,  while  the  oxygcn-consuniption  and  the  COj-eliininatiou  are   increafied. 
This  effect  of  temperature  upon  tfiebotly-metabolism  isehie  mainly  to  a  reflex 
stimulation  of  the  motor  nerves  to  the  muscles.     The  teniiierature-nerves 
the  skin  are  aff*»eted   by  the   fall  in  outiside   temperature,  and   brinji^  ahoa 
refle.xly  an  increased  or  a  diminislied  innervation  of  the  muscles  of  the  ImhIv 
Indeed,  it  is  stated*  that  unless  the  lowering  of  the  temperature  is  suilieie 
to  cause  shiverin;^  ar  nnrscular  t(*nsioa  no  increase  iu  the  C^O^-cxcretion  re^ul 
This   fact  suffices  to  explain,  therefore,  the  physiological  value  of  ehiverii 
and  muscular  restlessness  wiicn  the  outside  temperature  is  low.    The  fact  t 
variations  in  oiitsiile  temperature  nffect  t>nly  t!ie  consumption  of  non-]>n>tei< 
material  falls  in,  therefoiv,  with  the  conception  of  tlic  nature  of  the   meta 
oltsm  of  mus(de  in  activity,  given  above.     When  the  means  of  rej»idati 
the  body-temperattire  break  down  from  too  long  an  exposure  to  ex<^e»«ivel 
low  or  excessively   high   temperatures,  the   totfll    body-nietal>olism,  protei 
as  well  as  non-proteid,  increases  with  a  rise  in  l>ody-t<.'mperature   and   de 
creases   with  a  fall    in   temperature.     In   fevers   arising   from    ]>atholn^i 
i*ans<'s  it  has  been  shown  tliat  there  is  also  an  increased  prwluction  of  ur«i 
well  as  of  COj. 

£!ffe<^  of  tStarwUion, — A  starving  animal  must  live  upon  the  material  pres- 
ent in  its  l)ody.     This  material  Wjuststs  of  tfie  fat  stori-d  up,  the  cireulatiii: 
and  tissue  proteid,  and  the  glycogen.     The  latter,  which  is  present  in  com 
tively  small  quaulilies,  is  quickly  used,  disappearing  more  or  less   rapidlTi 
according  to  the  extent  of  muscular  movements  made,  although  in  anv  case 
practit^lly  vanishes  in  a  few  days.     Theivaftcr  tlie  animal   live*;  on    its  ow 
proteid  and  fat,  and  if  the  starvation  is  contiuue<l  to  a  fatiil  termination 
body  becomes  c<jrres[xinding]y  emaciate<l.     Examination  of  the  several   ti 
in  animals  starved  to  death  lias  brought  out  some  interesting  facts.     Vi>it  too 
two  cats  of  nearly  oipial  weight,  ft^d  them  etjuatly  f*ir  (en  days,  and  then  kille 
one  to  serve  as  a  standard  of  comparison  and  starvetl  the  other  for  thirteen 
days:  the  latter  animal  hrst  1017  grams  in  weighty  and  the  loss  was  divide<l  as 
'ullows  among  the  different  organs: 

^  Juhonnwn:  Skundinaxtseha  Archiv  Jar  I*h\jnioiogi«,  1897,  Bd.  Tii.  S.  123. 
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8up}>c«od  wt.  of  Actual  \om  of  Lcmb  to  each  100  granu 

urgmna  bo  fore  orsnns  in  of  AvsU  urKftii 

Btjuvatlon.  grams.  (pvrwnuge  lou). 

BoDc 393.4  64-7  13.9 

Muscle 1408.4  429.4  90.6 

Liver 01.9  40.4  63.7 

KIAmj 25.1  «.S  25.9 

Spleen 8.7  hA  M.7 

Pancrena 6.6  1.1  17.0 

Te«ti-» 2.6  LD  40.0 

Lunjfs !6.8  %%  \1.1 

Heart 11.5  OS  &tf 

intetitincs 118.0  90J  \M 

Br&in  nml  <iird  ....        40.7  1.8  3LS 

Slua  imU  hair     ....      432.8  89.3  3a6 

Fat 275.4  267.2  97.0 

Blood 138.5  87Jk  27^ 

Remainder 136.0  600  883 

According  to  t\w^'  rc*»ultA,  the  greatest  absolute  lo8.s  wan  in  the  niusclcs  (429 
grams),  wliilo  tlie  greatest  p)ercontage  loss  was  in  the  fat  (97  percent),  which 
had  pniL'tically  disuppcan^  from  tlie  body.  Tt  is  very  significant  tdnt  tlie 
central  nervous  system  and  the  litart^  organs  winch  we  may  .supfjose  were  in 
continual  activity,  sufleretl  practically  no  loss  of  weight  r  they  had  lived  at 
the  expenj*e  of  the  other  tissues.  We  must  >iipp<).-ie  that  in  a  starving  animal 
the  fat  and  tlw  pn>teid  material^  partinilarly  that  of  tlie  voluntary  muscles, 
piLSs  into  w>liition  in  the  blood,  and  are  tlieii  used  to  nourish  the  tissues  gen- 
erally and  to  supply  the  heat  necessar}'  to  maintain  the  bo<ly-temperature. 
Kxamination  of  tin*  excreta  in  starving  animals  has  shown  that  a  greater 
quantity  of  prot^^'id  is  destrt>yed  during  llie  tirst  day  or  two  than  in  the  sub- 
secpient  days.  This  fact  is  explainwl  on  the  supptisition  tliat  the  body  is  at 
first  richlv  supplied  with  "  cireidating  pr<itei»l  ''  derived  from  its  previous 
foo<l,  and  that  alter  tfiis  is  metalK»H/.ed  the  animal  lives  entirely,  so  fiir  as 
proteid-consumption  is  concerned,  upon  Jts  "tissue  proteid."  If  the  animal 
remains  quiet  during  stjirvation,  the  amount  of  nitrogen  excreted  daily  soon 
reaches  a  nearly  constant  minimum,  showing  that  a  practicjdly  constant 
amount  of  proteid  (together  with  fat)  is  consumed  daily  U\  furnisli  Unly-heat, 
and  probably  to  repair  tissue  waste  in  the  active  orgjins,  such  as  the  h<*art. 
Shortly  before  de-ath  from  starvation  the  daily  amount  of  prttteid  consumed 
niav  increase,  as  shown  bv  the  larger  amount  of  nitrogen  eliminated.  This 
fact  is  explaineil  by  assuming  that  the  l>ixly  fut  is  then  exhausted  and  tJiti 
animal's  metabolism  is  confine<l  to  the  tis.«uo  prttteids  alone.  The  general 
fiict  that  the  loss  of  proteid  is  greatest  during  the  first  one  or  two  days  of 
starvation  has  been  confirmed  recently  upon  men,  iu  a  number  of  interesting 
ex|K»riment.s  made  ujKm  professional  fasters.  For  the  numerous  details  as  to 
1<»AS  of  weight,  variations  of  temperature,  etc.,  carefully  recorded  in  these 
latt<*r  exjKTinients,  reference  must  be  made  to  original  sources.'  It  may  be 
added,  in  conclusion,  diat  tlie  fatter  the  body  is  to  begin  with,  the  longerwill 
'  Vircfaow's  Arehiv,  Bd.  131.  mipplement,  1803,  and  Ladani,  Dtu  HvHgem,  1890. 
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Htnrvation  l>e  emlure*!,  aud  if  water  Is  consumed  freely  the  evil  effects  of  etar- 
vatioii,  as  well  as  the  disagreeable  sensations  of  hunger,  are  very  much 
reduced. 

Potential  Bnergry  of  Food.-^Thechemiealehnnj^o.soeeurringin  tlielKwly 
are  accompanied  by  a  transfonnation  of  chemical  energj'  to  different  forms — 
for  example,  to  heat,  electricity,  and  mechanical  work.  By  far  tlip  most  of  this 
energy  takes  the  form,  directly  or  in<lirectly,  of  heat  Even  when  the  musclca 
are  apparently  at  rest  we  knowthat  they  arc  undergoingchcmioal  changes  which 
give  rise  to  heat.  AVhen  a  mnsclc  contnictP,  the  greater  part  (four-fifths)  of  the 
energy  liberated  by  the  oliomi<iil  change*  take?  the  form  of  heat ;  a  much  smaUer 
part  (about  one-fifth  as  a  maximum)  may  perform  mechanical  work,  which 
in  turn,  as  in  the  case  of  the  respiratory  muscles  and  tlie  heart,  may  be  con- 
verUxl  to  heiit  within  the  btxly.  R()uj»;lily  sj)eakiiig,  an  adnlt  man  gives  off 
from  his  body  in  the  course  of  tweuty-four  lioui*^  about  2,400,0*^0  uilorii-s  i}( 
heat  (1  caIone=  the  heat  necessary  to  raise  1  enbic  centimeter  of  water  1°  C). 
This  Mipply  of  boat  is  dcriv*Hl  from  the  metabolism  or  physiological  oxidation 
of  the  proteids,  the  fats,  and  the  carbohydrates  thai  we  take  into  the  luKly  in 
our  food.  By  means  of  the  oxygen  alj^forU^l  through  the  lungs  these  sul>stances 
arc  burnt,  witli  the  formation  of  COj,  HX),  aud  urea  or  some  similar  nitrog- 
enous waste  j)ro<hict.  In  the  long  run,  thi^n,  the  source  of  btnly-enei'gy  is  found 
in  the  potential  energy  contained  in  our  foud.  Our  energy-yielding  foods — 
proteids,  fats,  and  carbohydrates — are  more  or  less  complex  bodies  that  are 
built  up  oriirinallv  bv  plant  organisms  with  the  aid  of  solar  energy  :  when 
they  arc  Ijurnt  tir  ot]ler^visc'  drstrovcd^  witli  the  fornmtion  of  simpler  b(«]ii\s 
(such  as  COj  or  ITjO),  their  so-called  potential  energ}'  is  liberate<l  in  the 
form  of  heat,  and  tliis  is  what  occurs  in  the  bo<]y.  From  the  standpoint  of  the 
law  of  conservation  of  energy  it  is  eany  to  understand  that  the  amount  of 
available  energy  In  any  footl-stuff  may  be  determinetl  by  burning  it  outside  the 
body  and  mejisuring  the  quantity  uf  heat  lilx^rated.  Tf  a  gram  of  sugar  is 
burnt,  it  is  converted  to  COj  and  ILjO  and  a  certain  quantity  of  heat  is  liber- 
ate<J;  if  the  same  gram  of  sugar  had  been  taken  into  the  biniy,  it  would  event- 
ually have  been  reduced  to  the  form  of  COj  and  H/),  and  the  total  quantity 
of  heat  ]il>erated  would  liave  been  the  simie  as  in  the  conilmstion  outside  the 
boily,  althougli  the  destructiitu  of  the  sugar  in  the  IxkIv  may  not  l>e  a  direct, 
but  an  indirect, oxidation;  (hat  is,  tlie  oxygen  may  first  lie  combined  with  sugar 
ami  other  food-stuffs  to  A»rni  a  complex  molecule  which  afterwanl  dissociates 
into  simpler  comp4nind3  similar  to  those  obtained  by  direct  oxidation,  or  there 
may  be  iirst  a  dissocTiation  or  cleavage  followed  by  oxidation  of  the  dissociation 
pnMlui'ts.  In  determining  the  tutal  euei^gy  given  to  the  IkkIv  we  ueeil  only 
consider  the  form  in  whicli  a  substance  enters  the  body  and  the  tbrm  in  which 
it  is  finally  eliminated.  In  the  case  of  proteids  the  combustion  in  the  IxkIv  is 
not  so  complete  as  it  is  outride  ;  the  chief  final  prodticts  are  CO^,  H^O,  and 
urea.  The  urea,  however,  still  contains  }>utential  euer^-  wliieh  may  be  lib- 
erated by  combustion,  and  in  detcnuiiiiiig  tlie  energy  of  proteid  availalde  to 
the  body^  that  which  is  lost  in  tiie  urea  must  be  dcilucted.  As  a  matter  of 
fnet^  it  is  possible  that  tlu-  proteiil  in  the  body  is  completely  oxidized  to  0O„ 
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HjO,audNH,;  but,siuoethe  NHjin  thiscafteisreoombinod  toform  aii  aninifH 
niurnconi]>ot)n(I,uiidt[iir<  ill  turn  i.-^c^jn  verted  into  urea,  the  ndditionnl  enei'jry  lib- 
enltlHliIlthert^stlMl^lblHlioIlipil)alane*•dllytlmtal>s^»rl>edil^  tlusvntheticpritduo- 
tion  of  the  urea.  The  potential  enerj»;y  ofthe  fats,  carlK>hydratcs,  and  protelds  t«n 
\h-  di'termininl  hy  ctunUustinn  (jntsi<l*'  the  h<Mlv;  tlu'  enerpv  lihemt^'d  is  nioas- 
uri'd  ill  terms  (rf  heat  hy  wntie  Conn  til'  talori meter,  and  the  (|uantity  of  lu'at  bo 
obtainc^d,  expresH€<l  in  calories,  is  known  usually  as  the  "combustion  eijuiva- 
lent."  To  be  [XTfeetly  arvurate,  iiuh  [mrtieular  form  of  fat,  ppoteid,  etc. 
should  be  burnt  and  its  (Mier^y  l>e  detennine<l,  but  u.sually  average  ti(j;ure8  are 
employed,  as  the  amount  ctf  heat  f^iven  oft' by  the  different  varieties  of  any  one 
fo<Ml-9tufl* — protei<ls,  for  example — tloes  not  vary  preatly.  Aret>nling  to  Stoh- 
raann,  1  jjrani  of  lieef  deprived  of  fat  =  .%41  ndories,  while  1  gram  of  veal 
gives  56(53  etdories.  For  muM-le  extraeted  with  water,  Kubner  obtuine<l  the 
following  figures:  1  gnuu^=5778  ealorie;*.  The  eond)u»tion  equivalent  of  urea 
(Hubner)  is  2523  cidories.  Sinw  1  gnim  of  prt>roid  yield.s  about  une-thiitl  of 
a  gniui  of  urea,  we  sliould  drduet  <S4  1  ealoriL*>  from  the  eomUii.sU<m  4'<]inva- 
leDt  of  one  gram  of  proteid  to  get  ita  available  energy  to  the  lK)dy  :  5778 — 
841—4937  ealorieH.  I'nirtii-ally,  however,  this  value  is  found  to  be  Uh*  high. 
Direct  determinations  upon  \W  body  in  n  ealorimeter  gave  to  Kubner  the  fol- 
lowing values,  which  seem  to  be  generally  atloptcd  by  workers  in  this  fichl: 
1  gram  of  protei*!  41*X>i?alorieB,  1  grnm  offal  !i.^<K>ralori»\«,  1  gram  of  carbo- 
hydrate" 411HJ  calories.  Weight  for  weight,  fat  contains  the  most  energy",  and, 
s»  we  know,  in  cohl  weather  and  in  cold  climates  the  pmjxirtion  of  fat  in  the 
f*HMl  isincreas4Hl.  In  dietetics,  however,  the  use  of  fat  is  limite<l  by  the  difficulty 
attending  its  digestion  ami  abwirption  as  conipare<l  with  carbohydnites.  Fiits 
and  carbohvdrates  have  the  siiuie  genera]  nutritive  value  to  the  bo*Iv :  thev 
serve  to  supply  energy.  8in<'e  the  aniount  of  j>otential  energy  contained  in 
each  of  thest*  sul>stanees  mav  l>e  determimnl  ac^Ml^ately  by  memis  of  \\h  e(>ni- 
bustion  equivalent,  it  wuuld  seem  prol»ab]e  that  they  might  be  mutually 
inierehaugeable  in  dietetics  in  the  ratio  of  their  combustion  equivalents. 
Such,  in  fact,  is  the  ease.  Tlic  ratio  t>f  Inteirhange  is  known  as  the  "iso- 
dynaniic  equtvaleut,''  and  it  is  given  usually  as  1  : 2,4  or  2.2  ;  that  i^,  fats 
may  replace  over  twice  their  weight  of  carbohydnite  in  the  diet.  It  follows 
fnm\  the  genei-al  principles  just  sfatoil  that  if  we  wished  to  know  the  amount 
of  heat  proilueed  in  the  b<>dy  in  a  given  lime,  say  twenty-four  hours,  we  might 
ascertain  it  in  one  of  two  ways:  In  die  tir'st  place,  the  animal  might  be  placed 
in  a  calorimeter  and  the  heat  given  off  in  twenty-four  hours  be  measared 
directly.  This  method,  which  is  that  of  direct  cahirimetrj',  is  descrilicd  nmre 
oumjiletcly  In  tlie  Miction  treiiting  of  Animal  Heat.  SiH-ondly,  one  might 
feed  the  animal  u^khi  a  diet  oontaiuing  known  quantities  of  proteid,  fat?,  and 
<arbohydrates,  and  by  collecting  the  total  N  and  C  excTeta  determine  how  much 
of  each  of  tlie*ie  ha<l  Ixh.'u  di-stn^ve*!  in  the  Ixxly.  Knowing  the  r-ombu-stion 
equivalent  of  each,  the  t*»tal  quantity  of  heat  liberated  in  the  body  could  be 
ascertained-  This  Intrcr  method  is  known  i\s  indirryt  calorimrtry.  The  two 
methods,  if  applied  simultaneously  to  the  Kune  animal,  ^hould  give  identi<-al 
rendta.     It  is  very  interettting  to  know  that  an  experiment  of  this  character 
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has  been  successfully  performed  by  Rnbner;^  his  experiments  were  made  with 
the  greatest  accuracy  and  will*  careful  attention  to  all  the  pos.«ible  sources  of 
erroTj  and  it  was  found  that  the  qtiantities  of  heat  as  determined  by  the  two 
methods  jigreed  to  within  less  tlian  0.5  |wr  cent.  These  exjieriments  are  note- 
worthy because  tliey  furni!?li  us  with  tlie  first  suceeasful  exiwrimental  demon- 
stration of  the  accuracy  of  the  general  principles,  stated  above,  upon  which 
the  available  energy  of  foods  is  ciilculatcd. 

Dietetics. — The  subject  of  the  proper  nourishment  of  individuals  or  col- 
lections of  tndividiuds — armies,  tniuates  of  hospitals,  asyhims,  prisons,  etc. — 
is  treated  usually  iu  books  u|)on  hygiene,  to  which  the  reader  is  referred  for 
praeticid  details.  The  general  principles  of  dieting  Iiave  been  obtained,  how- 
ever, from  experimental  work  upon  tlie  nutrition  of  animals.  These  principles 
have  bt*eu  stated  more  or  less  completely  in  the  foregoing  pages,  but  some 
additional  facts  of  importance  may  l^e  referred  to  conveniently  at  this  point 
In  a  healthy  adult  who  has  attained  Ids  maximum  weight  and  size  the  main 
object  of  a  ilict  is  to  furnish  suflicicMt  nitrogenous  and  non-nitrogeiious  food- 
BtufTs,  together  witli  salts  and  water,  to  maintain  the  Iwxly  in  etpiitibrium — 
that  is,  to  i>revent  loss  of  proteid  tissue,  fat,  etc.  In  si>oakitig  of  the  nutritive 
value  of  the  fo^nl-stuifs  it  was  sliown  that  in  carnivora  (dogs)  (his  condition 
of  er|uilibrium  may  be  maintained  upon  proteid  fo«Ml  alone,  jmtting  a<ide  all 
consideration  of  salts  and  water,  or  upon  protoids  and  fats,  or  upon  proteids  and 
carbiihyd rates,  or  upon  pnjteids,  fats,  and  carbuhydrates.  When  proteids  alone 
are  use<l,  the  quantity  must  Iw  increasod  far  :d>ijve  that  necessai-}'  in  (he  case  of 
a  mixeti  diet,  and  it  is  doubtful  whether,  in  the  case  of  man  or  tlie  herbivora, 
a  healthy  nutritive  condition  could  be  niainlaineil  long  upon  such  a  diet,  owing 
to  the  largely  increased  denmnd  upon  the  |)ower  of  the  alimctjtary  nuial  to 
digest  and  absorb  proteids,  to  the  greatei*  labor  thrown  on  the  kidneys,  etc 
The  experience  uf  rnankiiid,  as  well  as  the  results  of  ex{*erimental  investiga- 
tion, shows  that  tlio  iKalthy  diet  Is  one  wmposetl  of  proteids,  tats,  and  carlio- 
hydratea.  The  proportion  in  w^Lich  the  I'at^  and  the  carl>ohyd rates  should  l)e 
taken — and,  to  a  certain  extent,  this  is  true  also  of  tlie  proteids — may  Iw 
varie<l  within  comparatively  wifle  liniitSj  in  accordance  with  the  law  of  "  iso- 
dynamiceijuivah^ntSj"  provi^lcd  th:jt  tlir  Intal  aiiimint  orpnteutial  energy  repre- 
sented in  the  food  do(^s  not  fall  below  a  cirtain  amount, on  the  average  about 
40,000  calorics  p<'r  kilo,  of  ImmIv  weiglil.  This  is  illustrated  bv  the  fol- 
lowing "average  iliets "  ealeidjited  l>y  diiliTent  jtliysiologists  to  indicate 
the  average  amount  of  food-stutfs  required  by  an  adult  man  under  normal 
conditions  of  life  : 

Averoge  DitU, 


Holeichott. 

Banlce. 

Volt. 

FOiater. 

Atwai«r. 

PnMeid 

Fate 

CivbohydnUea   .... 

130  grams. 
40     " 
660     " 

100  grama. 
100     " 
240     " 

118  grama. 
66     " 
600     " 

131  grams. 
68     " 
494     " 

125  grama, 

125     •' 

400      " 

ZeiUchri/t  Jut  Bioloffie,  1893,  Bd.  xxs..  S.  T3. 
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■  In  Volt's  diet,  wliirh  in  the  one  usually  taken  to  represent  the  daily  neeils 

■  of  the  b<xly,  it  will  be  notice<l  that  the  ratio  of  the  nitrogenous  to  the  uon- 
H  nitrogenous  f(HKl-stiiDs  is  ulxiut  :ik  1  :  o,  and  husing  the  cMiniat^.*  upon  a  man 
I     weighing   70-75   kiloA.,  118   grams  of  proteid  per  day  would  represent  a 

ooasumption  of  proteid   equiU    to    1.3   to    1.7  grams  jkt  kilo,  of  weight. 
Sivi^n  ^  Ims  rwontly  uttfiupted  to  shuw  timt  this  pn)portion  of  proteid  in  IIhhI 

■  isi  unneeesKirily  high.  In  some  experiniouti;  upon  hiiuscif  he  was  able  to 
reduce  hi.-*  daily  |^rr^lt■id  (ImhI  to  about  <).2  gram  per  kilo,  of  hody  weight 
and  still  maintain  ins  l«Kly  in  N-e(piilibriiini,  provided  the  non-proteid  por- 
tions of  his  diet  were  so  increased  that  the  total  energy  of  his  tinily  <liet 
pemainiMl  unrhaiiged.  WhetluT  nr  not  st>  high  ati  aruotint  of  pn>t4'id  jut  day 
as  lis  grams  is  most  beuetieial  to  (he  IhmIv,  under  normal  e«)nditions  of  mcnl- 
erate  labor,  is  ]>erliaps  an  o|H*n  question.  It  seenis  eertain  that  for  short 
periiKis  at  least  the  average  individual  ean  keep  his  ljo<ly  in  eipiiliUrium  on 
much  smaller  amounts.  It  ninst  be  remembered,  in  n'gard  to  these  diets, 
that  the  amounts  ol"  fotnl-stuflfs  given  refer  to  llie  dry  nml<?rial :  118 
grams  of  proteid  do  not  mean  118  grams  of  lean  meat,  for  example,  sinoe 
lam  meat  (tlesb)  mntaiii.«  a  large  propoiiioji  of  water.  Tables  of  analyses  of 
footl  (one  of  which  is  given  on  page  27y)  enabh- us  to  determine  for  each  jnir- 
ticular  arliele  of  food  the  projwrtion  of  dry  food-sluffs  contained  in  it,  and  in  how 
great  fjuaiihties  it  must  be  taken  to  furnish  the  iv([uisite  amount  of  proteid, 
fats,  or  eurboljydrates.  There  is.  however,  ^u\\  another  practical  eonMideratioa 
that  must  be  taken  into  account  in  estimathig  the  nutritive  value  of  articles 
of  food  from  the  analyses  of  their  eornpusition»  ainl  that  is  the  extent  to  which 
eaeh  food-stuff' in  t^i-fi  article  of  fiMwl  is  cjijuible  4>f  being  *liges(e<l  and  nljsorlied. 
Practical  experience  has  shown  that  pruteids  in  eertiun  articles  of  fooil  ean  be 
digested  ami  al)sorbed  nearly  comnlctely  when  not  fed  in  excess,  while  in  other 
foods  only  a  certain  percentage  of  the  proteid  is  alxsorVM*d  under  the  most  favor- 
able eouditiuus.  This  difference  in  usableness  of  the  fotKl-stutIs  in  various 
foods  is  most  markeil  in  the  ease  of  protetds,  but  it  occurs  also  with  the  fate 
ami  the  carlxijmlnites.  Facts  of  this  kind  cannot  lie  determined  by  mere 
analysis  of  the  fotnLi ;  they  nmst  be  <ibtain(^l  from  actual  fwding  experiments 
upon  man  or  the  lower  animals.  It  has  usually  l>een  stated  by  those  M'ho 
have  workcil  in  this  field  that  tlie  ]>ri>trids  nf  meats  are  more  completely  iitJl- 
izeil  than  those  of  veg<»tables.  lint  it  is  jvossiblc  that  as  a  genendization  this 
statement  is  too  sweeping,  and  lests  upon  the  errone<m8  assumption  that  the 
nitrogen  in  feces  represents  chiefly  iindigcste<]  proteid.  Pnuisnitz^  and 
otiiers  have  given  reasons  for  Indievingthatthcnitrdgcn  in  the  feces  is  derived 
mainly  fn>m  the  intestinal-  secretions,  and  rimt  vegetable  fi>ods  tJiat  do  not 
cont4iin  much  indigestible  material,  such  as  rioe  and  bread,  are  prnetienlly 
completely  digested  and  ahwirbcd  in  the  intestines,  their  pn>teids,  therefore, 
being  utilized  Jis  completely  as  in  the  case  of  meats.     Munk'  gives  an  inter- 

*  SkntuUnnruithft  Arrhirfur  PHynoic^^  1899,  Bd.  10,  R  91. 

*  Zeit^hri/t  far  Butioijif,  *lfl9T.  IW.  V>,  8.  335. 
»  Weri*  Uamlbwk  drr  Uy^ime,  189;<,  IW.  iii.  Theil  i.  8.  69. 
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esting:  table  showing  how  much  of  cerUiiri  fairiiliar  articles  of  food  would  Ik; 
nerossarv,  if  taken  alont^  to  supply  the  ntniisite  daily  amount  of  proteid  or 
non-pr(»teid  ftHxl;  his  estimatos  are  l>ased  upon  the  percentage  compftsition 
of  the  foods  ami  upon  exprrimontal  <Iata  showing  the  extent  of  abfw>rption 
of  the  food-stuffs  in  each  food.  In  this  table  he  supposes  that  the  daily  diet 
should  oonfatn  110  grams  of  pnitei<I  —  17.0  grams  of  N,  and  non-proteids 
euificrient  to  contain  270  grams  of  C ; 


Milk  .  .  .  . 
Meat  (lean)  . 
Heii'i  eggs  . 
Wheftt  flour  . 
Wheat  bread 
Rye  brend  .  . 
Rice  .  .  .  . 
Corn  .  .  .  . 
Peas  .... 
Potatoes    .   . 


For  ^  10  irraniB  proteld 
(17.6  grnmB  N). 

For  270  irnuiu  C. 

2900 

granw. 

.%00  grams. 

540 

»% 

2000       " 

18 

egg». 

37  eggs. 

800 

grams. 

670  grams. 

1660 

•( 

1000       •' 

190() 

t* 

1100      •* 

1870 

t* 

760       •* 

990 

II 

660       " 

6t.M) 

u 

750       " 

4600 

M 

2650       " 

As  Munii  {W)int9  out,  this  table  shows  that  any  single  ft^xl,  if  taken  in  quantities 
suffirient  to  supjily  (he  nitrogen,  would  gfvo  t<Mi  nm4-h  or  Umj  littk  C,  and  the  re- 
voi'se;  those  animal  foods  which,  in  eeitain  amounts,  supply  the  nitrogen  needed 
furni.sh  only  from  otn'-fpmrt<>r  to  two-thinls  of  the  ne(H^.«sary  amount  of  C.  To 
live  for  a  stated  period  upon  a  single  artiele  of  food — a  diet  sometimes  recom- 
mended to  reduce  obesity — means,  then,  an  insufficient  quantity  of  either  N 
or  C  and  a  consequent  lass  of  l>o<]y-\veight.  Such  a  method  r>f  dieting  amouutfl 
practically  to  a  pirtial  starvation.  In  i)raetieal  dieting  we  are  aecustome<l  to 
get  our  bupply  of  proteids,  fats,  and  carbohydrates  from  both  vegetable  and 
animal  foods.  To  illustrate  this  fact  by  ari  acttuil  ease,  in  which  the  ftKKl  was 
carefully  analyzed,  an  ex|)erimenter  (Knimmoeher)  weighing  67  kilograms 
reeonls  that  he  kept  himself  in  N  equilibrium  upoa  a  diet,  in  which  the  pro- 
teid  was  distributed  as  follows: 


800  grams  meat 

= 

63.08  grams 

proteid 

r^ 

9.78  grams  N 

6fi6a  ex.  milk 

^ 

18.74      " 

<( 

^ 

2.9^    •• 

100  gmmtt  rice 

= 

7.74      " 

tt 

= 

1.2        "        '• 

100       "       bread 

= 

11.32       ** 

u 

= 

1.755     " 

600  cc,  wine 

= 

1.17       " 

u 

^ 

0.182     "        " 

102.05       " 

u 

— 

15.868     " 

For  a  person  in  health  and  lea^ling  an  active  normal  life,  appetite  and  experi- 
ence .seem  to  be  safe  and  suffieicnt  guides  by  which  to  control  the  diet ;  but  in 
(conditions  of  dissease,  in  regulating  the  diet  of  chihlR^n  and  of  collections  of 
individuals,  scientific  dieting,  if  one  may  use  the  phrase,  has  aooomplished 
much,  nnd  will  be  of  gi^eater  service  as  our  knowledge  of  the  physiok>gy  of 
uuLnliou   iuercases. 


VI.  MOVEMENTS  OF  THE  ALIMENTARY  CANAL, 
BLADDER,  AND  URETER. 


Plain  Mdscue-tissub. 

The  movements  of  the  nlimentnry  winnl  utiil  the  organs  concerned  iu  mic- 
turition are  effected  fWr  tin  riuist  jmrt  tlirini«:h  tlie  a^*ncj'  of  plain  uiuscle- 
tiiMiiic.  TI)c  jjt'm*nil  projHTtios  of  tins  tissue  will  be  refrrrwl  t^»  in  tlie 
section  upon  the  IMivsinlo^y  ni'  Musch'aiul  Nerve,  hut  it  seems  an|ifopriate  in 
this  eonueetiou  to  call  attention  to  some  few  |K>int8  in  its  general  phvHiology 
ami  histology,  iiia-^tiiHrli  as  (he  rhararier  <)f  tlic  nitivenients  to  be  ileseribed 
depends  so  much  upon  tlic  fundamental  pr*)perties  cxliibitecl  by  this  variety  of 
mii8ckvtiHSUe.  Platn  muscle  as  it  i:^  found  iu  tlie  walls  of  the  abtlominal  and 
pelvic  vi.*<*fra  ts  <'ompo.sed  of  maases  of  niiunto  f;pin*lh'-sha|XKl  cm'IIs  wliose  size 
\s  said  t*>  vary  troni  22  to  5(jO  ft  in  lcn]j:lh  and  from  4  to  22  ft  in  width,  the 
average  size,  acconling  to  Kdlliker,  being  1(X)  to  '200  ti  in  length  and  4  to  6  /i 
in  width.  Kueh  evil  ban  an  elongated  nucleus  and  its  e^'toplasni  shows  a 
longitudinal  Hbrillation.  Cross  striation,  such  as  occurs  in  canliac  and  stri|)cd 
muscle,  is  abs^it.  These  wlls  are  nnitetl  into  more  or  less  distinct  bimdies  or 
fibres,  wliieh  run  itr  a  drtinite  directitjti  a)rn-s{K>uding  to  the  long  axes  of  the 
cells.  The  buinlli'S  of  (.-ells  are  uiiiteil  to  form  (lat  sheets  of  musi^le  of  varying 
thicknesses,  which  ctmstitute  part  of  tlie  wall?*  of  tho  viscera  and  ari'  tlistiu- 
guished  usually  as  longitudinal  and  circular  muscle-coals  accoitling  as  the  cells 
and  bundles  f*f  irlls  have  a  direction  with  or  at  ri^lit  angles  to  the  loag  axis 
of  Uic  viscus.  Tlie  cuii^tituent  cells  are  unitc^l  to  one  another  by  cement- 
substance,  and  ac(*oi*ding  to  several  observers'  there  ia  a  direct  protoplasmic 
continuity  Ix'tween  ncighhnritig  cells — an  armt4:inii4^il  fact  of  interest,  since  it 
makes  j>ossible  the  <.*onduitiun  of  a  wave  of  contraction  directly  from  one  cell 
to  another.  Plain  musele-t Issue,  in  some  organs  at  least,  e,  ff.  the  stomach, 
intestines,  bladder,  and  arteries,  is  umier  the  control  of  motor  nerves.  There 
must  lie,  therefore,  siimc  connection  betwi»en  the  nerve-fi brt»B  and  the  musclo- 
tiasue.  The  nature  of  this  coiinetnion  is  mtt  ditinitely  established;  according 
to  Miller,'  the  nerve-fibres  terminate  eventually  in  fine  nerve-fibrils  that  nm 
in  the  cenu^nt-siihstJinrc  brtween  thi'  c<'Ils  arnl  snul  off  small  bnmches  that 
end  in  a  swelling  applieil  dit'e<.'tly  to  the  muscle-ivll.     IWrktey '  finds  a  similar 

'  8ee  BoheruKH :  AtuOvmiKher  Anstvrrr,  1804,  Bd.  10,  No.  10. 

*  ArchivJSrmiknaloopueke  .ln/iiomi>,  1892,  BJ.  40. 

*  Anaiomiteker  Awrngm-,  1893,  Ikl.  8. 
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ending  of  the  nerves,  and  in  addition  describes  in  tLe 
musculari.H  niiicosae  of  the  intestine  a  lai^  globular 
end-orgau  whk-li  he  (*<iM>idoi*.s  :ts  a  motor  plnte. 

Perha[wthe  most  striking  pliysiologjail  jKVuliarit}' 
of  plain  muscle,  as  eompared  with  the  more  familiar 
siriaTod  musele,  is  the  >lutj;j:is]uiess  of  its  eontrar- 
tion^,  Plain  nui-^ele,  like  striated  mu&cle,  is  inde- 
|iendently  irritalde.  Various  forms  of  artificial 
sttnuilf,  sueh  as  eleetricsii  current'',  mechanical, 
chemical,  iind  thermal  [Stimuli,  may  cause  the  tis- 
sue U)  conlraet  wlien  directly  appliwl  to  it,  but  the 
contraction  in  all  easci*  is  ciiarticterizcd  by  tht* 
slowncsri  with  which  it  <levclops.  There  is  a  loug 
lulont  period,  a  giiulual  .shortening;  which  may  i>er- 
eist  for  some  time  a<W  the  stimulus  ceases  to  act, 
and  a  slow  relaxation.  These  filatures  are  repre- 
sented in  the  curve  shown  in  Fij^nro  (iS,  which  it  is 
instrvictive  to  compare  with  the  typical  curve  of  a 
stiiutcd  mnsclc(Vol.  II.).  The  slowness  *if  tlie  con- 
traction of  plain  muscle  seems  to  depend  upon  the 
absence  of  cross  striation.  Striptnl  muscle  as  found  in 
various  animals  or  in  different  muscles  of  the  same 
animal — r.  tj.  the  pale  and  re<l  nu]sck«  of  the  rabbit 
— ditlei-s  greatly  in  the  rapidity  of  its  coutraction, 
and  it  has  been  shown  that  the  moi-e  perfect  the  cross 
striation  (he  more  rai)id  is  the  contraction.  The 
cropti  striation,  in  otlier  words,  is  the  expression  of  a 
mechanism  or  structure  adapted  to  quick  contractions 
and  relaxations,  and  the  n-latively  great  slowness  of 
movement  in  the  plain  nmst^le  seems  to  result  from 
the  absence  of  this  particular  strueture.  It  should  be 
adde<l,  however,  that  ]>Iaiii  mnscle  in  diflerent  parts 
of  the  body  exhibits  considerable  variation  in  the 
Ripiflity  with  which  it  irontraets  under  stimulation, 
the  ciliary  muscle  of  the  eyeball,  for  example,  Ixiing 
able  to  react  more  ntpidly  tfian  (he  inus<'les  of  tlie  in- 
t^tines.  The  gentle  prcilont^ed  contraction  of  the  j>hiin 
muscle  is  admirably  achiptcd  to  its  function  in  the 
intestine  of  moving  the  food-^-^jntents  along  the  canal 
witii  'iufficicnt  slowness  to  jx'rmit  norniid  ilii2;cstion 
and  alisorption.  Like  the  striated  muscle,  and  un- 
like the  cardiac  muscle,  plain  nuisole  is  capable  of 


Fio.  6S.— ContracUon  of  a  strip  of  plain  muscle  from  the  titomaf't}  rvfn  icmiiiin.  The  bottom  Une 
g)TM  the  time-record  In  lecondB :  the  mlddlt^  UneshowH  the  tirnenf  Kpp]ii.'ntioii  uf  the  vllmulufi,  a  tctan- 
liing  carrent  from  an  Induction  coll :  the  upper  line  is  the  curve  reoonlod  by  the  contracting  tnuiicU). 
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^ving  subiimxiiuul  a:>  well  as  maximal  coiitructimis ;  wiih  iiicrrawHi  strength  ^^| 
of  etiriiulation  the  amount  of  tlie  ^ho^let)ing  in(.TCii.S(^?  until  u  nuLxiiiitiin  is  ^^^^| 
rciidictl.     This  fact  may  W  vibserved  not  only  u|M)n  isohited  stn|)6  of  ina^-le            ^^^^H 

from  the  stonim-h,  bnt   may  U*  .so<'u  alsi)  in  tlie  ^litttTcnt  (knjret'^  uf  tH>ntraotioii  ^H 

exhibited  by  thi:<  intestinal  nuisi'uliitiin'  as  a  ^vhok<  when  acted  u|K)n  by  various  ^H 

stimuli.  ^B 

In  liis  resteardies  n|Mn  du'  inuvement^  of  the  ureter  Engehnunn '  showed  ^H 

that  a  stirniibis  applied  to  the  nr^^n  at  any  point  ranwHl  a  eontracfinn  that*  ^H 

^tartint;  frotn  tlir  jMnni  stimulated,  mi^ht  spn>ad  for  somo  distance  in  either  ^H 

direction.     Engclnjann  iotciinets  tliis  to  mean  that  tlie  contraclion  wave  in  ^H 

the  case  of  the  ureter  is  propagati^j  diix'ctly  from  ocll  to  adi,  and  this  possi-  ^H 
bility  is  siip|Hirti;d  by  die  furi,  before  refeiTif<l  to,  that  tlicre  is  diixvt  proto-  ^^^^H 
piasaiic  a>ntiDuity  between  udjojuiug  wlls.    Tiii.-  passigo  i>f  a  c^tntmction  wave           ^^^^| 

from  cell  to  cell  has,  in   fact,  often  been  quotc<l  as  a    |ic<*uliarity  of   plain  ^H 

nuiscle-tissue.     In  the  *use  of  the  Ulster  the  lact  s(^ms  to  be  established,  but  ^H 

iu  the  intestines,  where  there   is  a   rich  intrinsic  supj^ly  o^  nerve-ganglia,  it  ^H 

is  not  jMDstsible  to  demonstrate  clairly  that  the  same  pr*f{)erty  is   c.\]iil)ited.  ^H 

The  wave  of  contraction    in  the  intestine   following  arlitii'ial  stimulation  is,  ^H 

a(*(H>rding  to  nioftt  oWrvers,  usually  ItK-idiKetl  at  the  fHijut  stinudatisi  or  i.s  ^H 

pri>p:ig:Ueil    in   only  oiw  dii'e<;tion^  and   these   facts  are  dithcult  to  reconcile  ^H 

with  the  hyfrnthc'sis  that  each  cell  may  transmit  its  condition  of  activity  ^H 
diniily  ui  neighboring  cells.  U}M>n  llie  plain  muscle  of  the  unTcr  Engel-  ^^^^| 
raann  was  able   tu  show  also  au   interesting  rct^mblauce  to  ninliac  nuise-le,            ^^^^| 

in  the  fact  that  each  contraction  is  followed  by  a  tem]>orary  diminution  in  ^H 

irritability  and  conductivity  ;  but  tliis  irnj¥»rtant  pnipcrty,  whi<'h  in  the  case  of  ■ 

the  hi'art  has  Ixx'ii  so  useful  iu  expluiuiug  tlic  rhytliuiic  nature  of  its  (x>ntrac-  ' 

tions,  has  not  been  deiuonst  1*311^1  for  all  varieties  of  }>laiu  muscle  occurring  in  . 
the  body. 

A  general  property  of  plain  nnisi^lc  that  is  of  great  significance  in  explain- 
ing the  functional  activity  of  this  tissue  is  exhibited  in  the  phcnt>nienou  of  i 
"  toDC,"  By  tone  or  tonic  activity  at*  applied  to  niusclc-ti.'^sue  is  meant  a  con-  i 
ditiou  <tf  continuotis  contraction  or  sfiortcniug  that  pcrsiBts  for  long  pcri(Hl8  i 
and  may  be  slowly  inercasiMl  or  decrcas^M^l  l>y  various  conditions  aO'cctiug  the  i 
muscle.  Both  striated  and  canliae  luuscic  exhibit  tone,  and  in  the  latter  at  ' 
leai*t  the  condition  may  be  indep^'udeut  of  any  inflow  of  nerve-impulses  from  J 
the  extrinsic  nerves.  I'iain  muscle  exhibits  the  pnt|)eny  in  a  marked  degree.  j 
Tlie  muBouIar  coats  xyf  the  alimentary  canal,  the  blood -vessels,  the  bladder,  ' 
etc.,  are  usually  found  iiuder  normal  circumstances  in  a  condition  of  tone  ] 
that  varies  fn^m  time  U)  time  an<l  (litters  from  au  on.tiuary  visible  contraction 
in  the  slowness  with  which  it  develops  ami  in  it*  |H»rsi8tcnce  for  long  periods.  j 
Such  conditions  as  the  reaction  <>f  the  blcKnl,  for  examjde,  are  known  to  alter  ■ 
greatly  the  tone  of  the  bKKxl-ves."4els,  a  less  alkaline  reaction  than  normal  \ 
oausing  relaxation,  while  an  increase  in  alkalinity  favors  the  development  of  ] 
tone.  Tone  may  also  be  increased  or  <liminished  by  the  action  of  motor  or  i 
»  tfiiiga'u  Anhiv/iit  die  r*'^vmUf  rhjm'^inffir,  18(H»,  Bd.  '-*,  S  243. 
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inhibitory  nerve-fibrrs,  l>iit  the  precise  rt'lationship  botween  the  chants 
unilcrlying  the  development  of  tone  and  tliose  h^ndihg  to  the  formation  of  an 
ordinarv  eoiitrartion  has  not  Ijeen  satisfactorily  deterinineil. 

'J'he  mode  of  oot»tiiH-iion  nf  iJie  plain  muscle  iu  the  walls  of  some  of  the 
viscera,  esjiecially  the  intestine  and  ureter,  is  so  chanicteristic  as  to  be  given 
the  special  nanjc  of  j>eristalsis.  By  peristalsis^  or  vcrrtiirulsir  contraction  aa  it 
is  sometimes  calletl,  is  meant  a  ci:>nti'actiou  which,  begiuiiinjj;;  at  any  [Ktint  in 
the  wall  of  a  tubular  viscus,  is  pro|)ag!iteil  along  the  lengtli  of  the  lidie  in  tlw 
form  of  a  wave,  each  part  of  the  tulx'  a.*^  llie  wave  reaches  it  passiof^  slowly 
into  coutniction  until  thu  maxinunn  is  reacljetl,  and  then  gradually  relaxing. 
In  visoora  like  the  intestine,  in  which  two  muscular  coats  are  present,  the 
longitudinal  and  the  circular,  the  |>eristalsis  may  involve  both  layers,  either 
simnhiiiieously  f>r  successively,  but  the  striking  feature  observed  wlien  watchini; 
the  moveiiicut  is  the  contraction  of  the  cli-cuhir  c(jat.  Tlie  cnutraction  of  this 
cont  causes  n  visilile  constriction  of  the  tube  that  may  be  followed  by  the  eye 
as  it  passtw  onwanh 

Mastication. 

Masti(^tion  is  an  entirely  voluntary  act.  The  arlicniation  of  the  mandi- 
bles with  tlie  skull  permits  a  variety  of  movements;  the  jaw  may  l>e  ntl^ed 
and  lowerw^l^  may  be  pniji-cted  ami  retractctl,  or  may  \>e.  inove<l  from  side  to 
side,  or  various  combinations  of  these  different  dins^tious  of  movement  may  be 
effected.  The  musi^les  cnneerned  in  lliese  movements  and  their  innervation  are 
described  as  fullows :  The  masseter,  temporal  and  itUurnal  pterygoids  raise  tlie 
jaw;  these  muscles  are  innervated  through  the  inferior  maxillary  division  of 
the  trigeminah  The  jaw  is  depressetl  maitdy  by  the  action  ot'  the  digastnc 
muside,  assisted  in  some  cas<»s  by  the  myln-liyoid  and  the  genio-hyoid.  The 
two  former  receive  motor-fibrt^s  from  the  inferior  maxillary  <livision  of  the 
iifth  cranial,  the  last  from  a  bninch  of  the  hyj)<^glo^sal■  The  lateral  movements 
of  the  jaws  are  produccfl  by  (he  external  pterygtads^  when  acting  sei«irately. 
Simultaneous  txaitraotion  of  tliest-  muscles  on  both  sides  rauses  projectinu  of 
the  lower  jaw,  Iu  this  latter  case  forcible  retraction  of  the  jaw  is  pr«ince<l  by 
the  contraction  of  a  part  of  the  tempi>nd  unisclc.  The  externa!  ptervginds 
also  receive  tluir  motor  libres  frrnn  the  Jiftli  <ninia]  iicive,  through  it?*  inferior 
maxillary  division.  The  grinding  movements  comiuonly  used  in  masticating 
the  food  lietween  the  miliar  leelh  ai^e  ]>nMln*'<Hl  by  a  rrimbination  of  the  action 
of  the  external  pterygoids,  the  elevaturs,  and  perhaps  the  depressors.  At  the 
same  time  the  movements  of  the  tongue  and  of  the  muscles  of  the  eheeka  and 
lips  sen'e  to  keep  the  foml  properly  ])laccil  fifr  the  !ictit>n  of  tlie  teeth,  and  to 
gather  it  into  j>osition  for  tlie  act  of  swallowing. 

Deglutition. 

The  act  of  swallowing  is  a  eomplicateil  reflex  movement  which  may  be 
initiatetl  voluntarily,  but  is  for  the  most  [xirt  completed  quite  indcjiendently 
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of  the  will.  The  c'lubsicul  de^icriptioti  of*  tbo  act  given  by  Magendio  divides  It 
into  three  stages,  corresponding;  to  the  thifp  amuonii(^l  regions,  the  mouth, 
piiuryux  und  <JeE^Jphugu^,  tliiXMigh  whieli  (lie  ^wutlowed  morsel  jiuHses  on  it)^ 
way  to  the  stomach.  The  first  stap.*  fonsist*  in  the  passage  of  the  bolu;^  of 
fiMji]  through  tlir  istlitniw  of  tfic  famr*' — that  is,  tlie  o)K'ning  lying  U'tween  the 
ridges  formed  by  the  juilato-ghjssi  muscles,  the  so-ealled  anterior  pillars  of  liie 
fauee8.  This  )>ai*t  of  the  act  \»  usually  ascrilx^  to  the  niovenients  of  the  tongue 
itself.  The  l»lns  of  ftjotl  lying  ii|wiii  its  up|H.T  >urfaee  is  foit?e<l  backwanl  by 
the  elevation  of  the  tou^nc  a^insi  the  sttft  jmlaie  fruni  the  lip  toward  the  base. 
This  |>ortion  of  the  movement  may  l>e  regaixled  as  voluntary,  to  tlie  extent  at 
jMttt  of  n)anipulatiiig  the  tVxxl  into  its  pr(»]>er  jHiMtioii  on  tlie  dorsum  of  the 
tongue,  although  it  is  f>|ien  (*)  doubt  whether  the  cntiiv  movement  is  usually 
effetied  by  a  voluntary  art.  Under  uonual  condition^  the  p^^sem^e  of  moist 
food  upoD  the  tongue  seems  esseutial  to  the  ei>uiplete  exeeution  of  the  act; 
and  an  attempt  to  make  the  muvrment  with  very  dry  material  u|>on  the  tuigue 
b^  either  not  successful  oris  iRTfortued  u  itli  didieuJty.  The  second  act  c>jm- 
prise?*  the  |)assage  of  the  bolus  from  t\%(^  isthmus  of  the  fauces  to  the  a's^jphagua 
— that  is,  its  transit  through  the  pharynx.  The  pharynx  Ixnnj;  a  connuon 
j»flssage  for  the  air  aiitl  the  lixxl,  it  is  iin]Mirtaiit  ihat  iliis  |>art  (»f  the  act  sljould 
be  eunsuniruuted  quickly.  Aeet>rdiug  to  the  usual  description  the  motor  power 
driving  the  U»lus  downward  lhr(iU;:l»  the  pharynx  is  derived  from  the  contrac- 
tion of  the  ])haryiig(al  riiusck's,  particularly  liic  nin-strictois,  which  contract  from 
al)uve  dowuwanl  and  drive  tla-  fb(»d  into  the  cesophagus.  ^Simultaneously, 
however,  a  number  of  other  muscles  are  brought  into  action,  the  general  etltH't 
of  which  is  to  shut  off  the  nas;d  and  laryngi.*al  ojK?ninjfs  and  thus  prevent  the 
entrance  of  f<x»<l  into  the  eorrespi»n<iing  cavities.  The  whole  reflex  is  therefore 
an  extt'llent  example  of  a  finely  co-ordiuateil  movement. 

The  following  events  are  dcscrilH'd  :  Tin*  mouth  cavity  is  shut  off  by 
the  ]>(>sition  of  the  ton;ruc  ag.iiit>t  thf  [uilatc  and  by  the  contraction  of  the 
niuscJes  of  the  anterior  pillars  of  the  fauces.  The  opening  into  the  nasal  cavity 
is  close*!  i>v  i\n*  elevation  of  tlie  soft  {ndate  (artion  of  the  levator  |ialati  and 
tensor  paUiti  mns<*lcs)  aud  the  contraction  of  the  |K)sterior  pillars  of  the  fauces 
(palato-pharvngei  musch^)  and  the  elevation  of  the  uvula  (azA'gos  uvulic  muB- 
cle).  The  si)(*t  pahilt',  uvula,  aud  |M)stfrior  piliiirs  rhus  tnrm  a  shtping  surtiiee 
shutting  otf  the  nasal  chandj<.T  and  liicilitatin^  the  paseuige  of  the  f<HMl  iMickward 
into  the  pharynx  where  the  constrictor  nuL**cle8  nmy  act  u|)on  it.  The  respira- 
tory opening  into  the  larynx  is  ch»s«l  by  the  adduction  of  the  vixsil  conls  (lat- 
eral erico-arytennids  and  c«>ustn<^ors  of  the  glottis)  and  by  the  elevation  of  the 
entire  laryi»x  and  a  ilrprev*ion,  in  ]>art  m<*chanical,  of  the  epiglottis  over  the 
larynx  (action  of  the  thyro-hyoids,  digastrics,  genio-hyoids,  and  mylo-hyoida 
aud  the  nui^'U*s  in  the  aryteno-epiglottidean  folds).  The  movements  of  the 
epiglottis  iluring  this  stage  of  swallowing  have  been  much  discussed.  The 
usual  view  is  that  it  is  pressed  down  upon  the  hiryngeal  orifice  like  the  lid  of 
a  box  and  thus  effectually  prfttects  llie  respiratory  jnissa^*.  Il  has  btx*n  shown, 
however,  that   rcttiuval  of  the  epiglottis  does  not  prevent  normal  swallowing. 
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and  Stuart  and  MoC'ormick  *  have  rep<»rt<Hl  the  case  of  a  man  in  whom  jiart 
of  the  pharvn.x  had  Iwt'n  pvriuaneiitly  reimivetl  bv  surgical  opLTation  ami  in 
whum  the  epiglottis  could  he  soen  during  the  act  of  swallowing.  In  this 
individual,  acconJin^  to  their  olirtervntions,  the  epiglottis  was  not  folileil  baek 
during  swidlowiug,  but  remained  erect.  Later  observations  by  Kantlmck  and 
Anders<jn,^  mmle  (nirtiy  u|x»n  thein:*elve?  and  partly  upon  the  lower  anijuuls, 
tend,  on  the  o«jntrary.  to  suppoil  the  older  view.  They  state  tJiat  in  normal 
individuals  the  movement  of  the  epiglottis  backward  during  swallowing  muv 
be  felt  by  simply  jKi**ing  the  tinger  back  into  the  pharynx  mitil  it  comes  into 
contact  with  the  epiglottic.  At  the  Ix^imiiug  of  the  movement  there  is  also  a 
contrnetion  of  the  longitudinal  muscles  of  the  pharynx  which  tends  to  pull  the 
plmr\  li^id  walls  toward  the  Itolus  of  fowl  while,  as  has  Ih^ii  said,  the  nearly 
Bimultaiu'ous  ci>nlni<iion  of  the  constriiiors  presses  upon  llie  ftxjd  and  ftirres 
it  ilov\ii\v;inL  riit'  fiMHi  is  thus  brought  cpiickly  into  tlie  ojRiiing  of  liie 
(i-sop[iagus  and  the  thii\l  stage  etmimenees. 

Tlie  tnuisil  yyf  the  fooil  through  the  a*sophagus  is  olfeekd  by  the  action 
of  its  intrinsic  musi^'ulature.  Tlie  muscular  coat  is  arrangetl  in  two  layer?^,  au 
ojctrrna!  longitudinal  and  an  internal  circular.  These  arc  compared  of  plain 
nmsi'lr-tisstie  in  tlie  lower  thin!  or  two-thinls  of  tlie  oesopliagus,  but  in  most 
nuuiinials  tltc  up|»er  thinl  or  more  contains  striated  musi'ular  tissue.  The 
cliii  r  liictor  in  the  truns|H»itation  of  the  bolus  through  the  oesojihagus  has 
U"*'!!  f*up[Mis»Hl  to  iHMisist  in  the  LH>ntraction  of  the  circnhir  nuisclc.  This  cori- 
Irnction  bcginh  at  the  pharyngwd  o|Hn)ing  of  the  fesophagus  and  |)jisaes  dowii- 
\\\\\\\  iu  the  form  of  u  wave,  |>eristalii<'  c«.»nti*action,  which  moves  rapidly  in  the 
u|>per  segment  wliere  ihe  musculature  i>  striated,  and  more  slowly  in  the  lower 
w'l^mont^i  in  acconhmce  with  the  phy-iiiilogicid  characteristics  of  plain  muscle. 
Tin*  re-.[ill  of  llii>  nu»vemenl  wt>uld  imtunilly  be  to  foive  the  funxl  onwanl  to 
the  stomach.  The  longitudinal  muscles  of  the  (esophagus  are  without  doubt 
brought  int4)  actit»n  at  the  sime  time,  but  in  ihi?-  as  iti  otiter  cases  of  jwristalr^is 
in  tubular  visci'ni  it  is  mH  perfivily  dear  how  they  ci>o]K*nUe  iu  prmlufing 
the  unwaixl  movement.  It  may  be  that  their  contntetion  slightly  precedes 
that  (pf  thi-  ctit'tdar  muscle,  and  thus  tends  to  dilate  the  tulx*  and  to  bring  it 
forwaiil  »)ver  the  ImiIus,  At  the  o[H*ning  of  the  lesopluigus  into  the  stotuaeh, 
the  eartliae  orififH%  llie  eirrular  fibres  <»f  the  fesuphagus  function  as  a  sphincter 
which  is  imniinlly  in  a  t'^tiidition  of  tone,  particularly  wheti  the  stomach  con- 
tains foo<l,  and  thtj'.  shuts  off  the  cavitv  iti*  the  stomiich  tVoiu  ihc  cesophagus. 
Iu  swall!)wing,  Imwever,  the  advancing  [KM'istaltic  wave  has  sufiicient  force  to 
overcome  the  tonicity  of  the  sphincter,  or  possibly  there  is  at  this  moment  a 
rertex  inhil»itii>n  nf  ttic  sphincter.  In  either  oxm'  the  result  is  that  the  food 
ifl  forct'd  thnmgli  the  tuirrow  opcniug  into  the  stomach  with  sutlicicnt  energy 
to  give  rise  to  a  sound  that  may  be  heanl  by  auscultation  <»ver  this  region.* 
Acconling  to  meni«invments  by  Kronecker  and  Meltzer  the  entrance  of  the 

"  Joutunl  of  Aualomtf  nnd  Pfiymtlof^ti,  1892. 

*  Jnurnitl  of  Phtftifttw/^,  1MP3,  Tol.  xiv.  p.  l'")4. 

*  Sev  MdUer:  Ckntroiblatt fiir  die  mtd.  ll'iWnwAn/}«is  1661,  No.  L 
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W     foo<l  iriio  the  stoniacli  occurs  iu  nmu  alx>ut  six  seconds  after  the  beginning  of 

■  the  act  of  swallowing. 

I  Kroneoker-Meltzer   Theory  of  Deglutition. — The   usual    view  of  the 

I  meehanLsin  of  swalkiwitig  ha&  been  seriously  nioditietl  hy  Kroneeker  and 
I  Meltzer.'  The  ex|MTitnents  of  these  observers  seem  to  Ik?  so  conclusive  that 
I  we  must  believe  that  in  i\\v  main  their  oxjiliuiation  of  the  jirotx^s  is  eon*eet. 
I  Acx^mling  to  their  view  the  chief  fact^jr  in  (oreing  soft  or  li<|uid  fooil  iliixjugh 
the  pharynx  and  <ew>|»h:i^ufi  is  the  ^liar]>  and  stnintr  omtracdon  of  the  mylo- 
hyoid muH'h's.     The   ImiIus  4if  WhA  lies  n[M>ti   the  doixnm  oi'  ihe  lt»ngue  and 

■  by  the  pres-ure  of  tin-  tip  id"  the  tonjjue  a^^aint^t  the  ]>alate  it  is  Hlint  oH'  from 
the  front  part  i»t'  tlu!  nHitiili-c:ivity.  The  myl(f-hyoi*U  now  *iMitrart,  and  the 
bolus  of  ibixl  is  put  under  high  pressure  am!  is  j-hot  in  the  tiiixvtiou  of  least 
RsistaDcc — namely^  tlintugh  the  pharynx  and  fer^ophagim.  This  etfetrt  in  aided 
by  the  mmultaneous  eon  tactions  of  the  hyu-iltiK-it  nmwles,  whieh  tend  to  still 
further  increase  the  pressure  u|x»tt  the  futwl  by  nufvin^;  the  tongue  baekwartl 
and  downwanl.  This  same  movi^menl  of  the  tongne  sntTiees  also  to  depress 
(he.epiglottis  over  the  larynx,  and  thus  prt»tetrt  tl»e  reHpiratory  o|HMiing.  By 
means  of  small  rublMT  Iniirs  roniieeti.'tl  with  i-eeor^iing  tamlM)nrs,  whieh  were 
pla»'d  iu  the  pliaiynx  jind  ai  ditli-rent  levels  in  the  fi-Miphagus,  they  wvw  able 
to  demonstrute  the  rapid  ^pirting  of  the  fiMxI  throii^^h  the  whole  length  of 
pharynx  and  into  the  ^esophagus,  tlie  tinu*  elapsinir  betwef-n  the  l)eginnintr  of 
the  swallowing  inovrnit^nl  and  tlir  arri\id  of  thv  fe*Ml  at  the  h>wt'r  I'ud  of  the 
(Vi^iophagUB  being  not  twww  than  OJ  srrond.  Thr-  eontnu-tittn  of  tin-  con- 
Strieton*  of  the  piiarynx  and  tin-  peristaltic  wave  ah^rtg  thr  <esophagns,  a*'.- 
conling  to  this  view,  normally  follow  ai'tt*r  the  fiKxl  lia>  been  swallowed,  and 
may  be  regarded  as  a  movement  in  renerve  whieh  is  useful  in  removing 
adherent  fragments  along  tlie  deirlntition  passage^  or  jKissihlv,  in  eases  of  the 
failure  of  the  tirst  sMallowiii-r  a<'t  from  any  eaune — u>  may  n-sult,  for  instan<"e» 
in  swallowing  foi^l  tt»o  dry  or  too  solid — serves  aetnally  to  posh  the  bolns 
downward,  although  at  a  mneli  slower  rat<'.  Fnim  nuseultation  of  the  ileglu- 
tition  sound  whieh  (Misnes  when  tlic  f«M>d  entrrs  tlie  stomatdi  tlirough  the 
e.artlia,  Knuieeker  and  Mrltzt-r  Indifve  that  itsiially  the  swallowed  fo(Ml  after 
reaehing  the  lower  porti«tM  of  the  (esophagus  d<x^s  not  enter  the  stomaeh 
until  the  subsequent  peristaltir  wavr  of  the  fesophngns,  which  n^iu'lies  the 
same  pciint  in  about  six  seconds  after  the  beginning  of  the  act  of  ^wallowing, 
fon-es  it  through.  Aco>nling  to  C*aniion  timl  Moser,*  the  rapid  projection  of 
food  into  th<'  deeper  part  of  the  ivsophagtis  occurs  only  with  Ii(piids.  Wheti 
the  food  is  solid  or  semisolid  peristalsis  is  reijuired  to  move  the  Ixilus  through 
the  fp«ophagus,  Knaieeker  ami  Meltzer  were  able  to  determine  by  their 
method  of  reconling  that  the  human  o'sophn^rns  Ciintraets  ap|Mirently  in  thriH? 
successive  segments.  The  first  of  theso  eompris<'8  about  six  centimeters  in 
the  neck  region,  and  its  contraction  iM'^rins  about  1  or  1.2  s<HM»nds  after  the 

'  Artkir  fir  PhtfMi^otfie,  1S8S,  Siippl.  Bd.,  8.  32S;   kIho  JtmnuU  of  Eipfrimrntnl  Mfditine, 
IR97.  vol.  ii.  p  4.'>3. 

'  Anurieiin  Jimmai  o^  Phytiohgy,  189ft,  Tol    i   p.  ISS. 
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begiDning  of  swulliiwin^r  and  ief  conipiirHtively  short,  la^ttn^  2  rreoodds,  corrc- 
sprmding  to  the  KtrialtMl  rharacUT  *if  chc  niiiM.'Io.  The  socomi  hojriueut  c<»ver8 
atxxjt  \ei\  centinu'lcr!?  of  tht*  u|»|kt  thonirk:  {tortion  of  the  oesophagus ;  it*  am- 
tractiuM  Ix-j^iiiH  aliout  1.8  stwoiuls  aftf  r  the  l^eginniug  of  the  eontraction  of  the 
iirht  Hoj^inent,  ami  in  longer,  1a.<^tin(:  fj  to  7  seconda.  The  tiiird  st^giuent  ineludoti 
th*?  remaindfT  of  tht*  o'-iuphag-iis  ;  its  contraction  begins  alK>nt  ;i  seconds  after 
the  contraction  of  the  :^'e<ind  M-gment,  and  last.s  a  rnu<'h  longer  lime,  ahonty-Ii> 
seconds.  The??e  figur«»  apply,  of  oourse,  to  a  single  act  of  swallowing.  It 
will  be  seen  tliat  atxmnling  to  (hese  authors  the  swallowing  reflex  c«>nsists 
essentially  in  the  .sncce»*ive  ctintraeiionri  of  tive  muscular  st^ments  or  l)ands — 
namely,  the  niylo-hyoids,  the  a)Uslriciors  ol'  the  pharynx,  and  the  three  seg- 
ment.<<  of  the  cp-^iphagus  deseril>cd.  The  time  elay»eing  between  the  cuntraetions 
of  tlicse  ftuccoi^ivc  |»art8  was  determined  as  follows  : 

From  th«  be^iitniiif?  of  the  contrwHion  of  the  niy1o*byoids  to  tliat  of  the 

connriciore  of  the  pharynx 0.3  8ccond. 

From  the  beginning  of  the  contrsction  of  the  conMrictora  to   thot  of 

the  Bret  ofvophagcal  ticgnient 0.9      " 

Between  the  first  and  second  oe^iphageal  segnienta 1.8  seconds, 

'*  "    second  iind  iJiird         "  "  3.0 

The  total  time  before  the  wave  of  contraction  reaches  tlie  stomach  would 
be  therefore,  as  has  lx«n  stated,  alM>ut  :^ix  seconds.  When  a  second  act  of 
swallowing  is  matle  within  six  .seconds  of  ilie  first  swallow  it  causes  an  inhibi- 
tion^ apiKirently  by  a  reflex  effect  upi«i  tlte  <leglutitu>n  centre,  of  the  part  of 
the  tract  which  has  not  yet  entere<l  into  contraction,  so  that  the  ])eristahic 
wave  dix^s  not  reach  the  lower  cihI  of  rlu'  ces<^phagi]s  until  six  seconds  after 
the  seeirtid  act  of  swallnwing. 

Nervous  Control  of  Degflutition. — The  entire  act  of  swallowing,  as  has 
been  sidd  l>efi>re,  is  essentially  a  reflex  art.  Even  the  w>niparativoly  simple 
wave  of  conlrucljon  that  .-sweeps  tner  ihc  lesophagus  is  aj>|>arently  due  tt»  a 
reflex  nervous  stitnulation,  and  is  not  a  simple  conduction  of  contniotion  from 
one  jxirtion  of  the  tidx?  to  another.  This  fact  was  dcnK»nstratcd  by  the 
ejs|)eriinents  of  M<»sso/  wlm  found  that  aAcr  removal  of  an  entire  segment 
from  the  cesoiihagus  the  peristaltic  wave  passed  to  the  fujrtiou  of  the  a^soph- 
agus  left' on  the  stomach  side  in  spite  of  the  anaJoraical  br«ik.  The  same 
ex|K?riment  was  |ierformed  successfully  on  rabbits  by  Krouecker  and  Meltzer. 
OlxTvalion  of  the  stomach  end  of  the  <esopliagus  in  this  anitnal  sliowcd  that 
it  went  into  tMintraction  two  seconds  after  the  U^giutiing  of  a  swallowing  act 
whether  the  o^sifphagus  wns  intact  or  ligatctl  or  completely  divid<'*l  by  a  trans- 
verse incision.  The  afl'erent  nerves  ciMH'ernHl  in  this  ivilex  are  ihe  s<'n.sory 
fibres  to  the  mneous  membnuie  of  the  pluu-ynx  and  «eso|)hagus,  including 
!)mnches  of  the  gl<issopharvtigeal,  trigeminal,  vagus,  and  su|ierior  laryngeal 
divi.-'ion  of  the  viigus.  Artiflcial  stimulation  of  this  last  nerve  in  the  lower 
animals  is  known  to  produce  swallowing  movements.  Wa.ssilieff  *  records  that 
ill  mbbit.H  he  was  able  to  pnuluee  the  swallowing  ivflex  by  artillfinl  stinuila- 
lion  of  the  muct>ti>  nienjbnme  of  the  soft  |Kdate  over  a  definite  arcii.     The 

^  MoUtchoU't  Unlertwhunt^cn,  187(»,  Bd.  li.        •  Zeiitthrift  fur  BUylotfie,  :S88,  Bd.  24.  S.  29. 
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sensory  fibres  to  this  area  arijse  from  the  trigemiiml  nerve.  The  siiine  observer, 
in  exjx^rinients  upon  hiruiiielf,  wa>  unable  to  locate  any  }>articnlar  area  of  the 
mucous  membrane  of  the  month  that  seemed  to  l)e  e>iK?4'iaily  eonmxrtwl  with 
the  swallowing  n.^flex.  The  physiological  centre  of  the  reflex  is  sup|x>sed  to  lie 
quite  far  forwanl  in  the  iiieiliilla,  but  its  nnatomit-al  bonmlarie^  have  not  iK^en 
Nitiafactorily  thfineiL  It  seernri  prohattie  that  in  ibia  iis  in  *)ther  oases  ihe 
physiologioul  centre  is  not  a  eireumx-ribed  eoUection  of  uerve-cells,  but  eoin- 
prL^es  certain  [tortious,  more  i)r  le.ss  seatlerwl.  ai'  the  nueloi  of  origin  nf  the 
efierent  fibren  t4)  the  muscles  of  deglutition.  These  uiu^eles  are  innervated  \>y 
fibres  from  the  hy|WIgU^^tial,  fiu;ial,  trigeminal,  glu.^Mtpharvngeal,  and  vagus. 
The  latter  nerve  siijip!i«vs  thrrMigh  s*jme  of  its  bninchea  the  entire  a'i»ophagus 
as  well  as  some  of  the  pliaryngeal  mu-seles,  the  muscles  eloping  the  glottis,  and 
the  arvteno-epiglottideaii,  which  is  suppose<i  to  aid  in  depressing  the  epiglottis. 

Movements  of  the  Stomach. 

The  musculature  of  the  stomach  is  usually  divided  into  thiiee  layers,  a  lon- 
gitudinal, an  oi)li(pie,  and  a  circular  coat.  The  longitudinal  coat  is  continuous 
at  the  canlia  with  the  longitudinal  fii»res  of  tiieo?.sophagus  ;  it  sprt*ads  out  from 
tliis  point  along  tiie  length  of  the  stomach,  ibrming  a  layer  of  varying  tliiek- 
uesfe;  along  the  curvatures  the  layer  is  stronger  tliau  on  the  front  and  |>osterior 
surfaces^  while  at  the  pyloric-  end  it  increases  consi<ienibly  in  thickness,  and 
passes  over  the  pylorus  Uy  lie  coutiniietl  directly  iut^^  tin;  longitudinai  coat  of 
the  duodenum.  The  layer  of  oblique  fibres  is  quite  incomplete;  it  seems  to  be 
oontinuous  with  the  circular  fibres  of  the  cesophagus  and  spreads  out  from  the 
cardia  for  a  (-ertain  <listancx'  over  the  front  ami  |x>slerior  surfaces  of  the  fundus 
of  the  stomach,  but  lowaitl  the  pyloric  end  disapix-jirs,  seeming  to  pass  into 
Uie  circular  fibres.  Tlie  circular  (wat,  which  is  placed  between  the  two  pre- 
ceding layers,  is  the  thickosi  and  most  inqiortant  j)arl  of  the  musculatun^  of 
tiie  stomach.  At  the  exti^cnu'  left  end  tif  flie  fini<lus  the  circular  bauds  are 
thiti  and  somewhat  loosely  placed,  but  tiiw*artl  the  pyloric  end  they  increase 
much  in  thickn*-ss,  fiirmiug  a  strong  muscular  mass,  which,  as  we  shall  see, 
plays  the  ni*»st  im|Hirlant  [hum  in  tl»e  movements  of  the  stomach.  At  the  pvlo- 
rus  itself  a  spt^eial  dcvelopoH-nt  of  tliis  layer  functions  as  a  sphincter  pylori, 
which  with  the  aid  of  a  cihular  (bid  of  the  mucous  membruue  makes  it 
possible  to  shut  oU^  the  du(Klemmi  completely  or  ]Kirtially  from  llje  tavitv 
of  the  stomach.  The  {lortion  of  the  stomach  near  the  pylonis  is  ire- 
queutly  designatetl  simply  as  the  "  pyloric  part/^  but  owing  to  its  distinct 
structure  and  functions  the  more  specific  name  of  "aninmi  pylori"  seema 
preferable.  The  line  o'C  separation  l>etwecn  the  antnim  pylori  and  the  IxkIy 
or  fundus  of  the  stomach  is  made  by  a  siK'cial  thickening  of  the  circular  fibres 
which  forms  a  structure  known  as  the  '*  tnuisverse  band "  by  the  older 
writers/  and  dcs<rril)ed  more  nx-ently  *  as  the  **  sphincter  antri  pylorici." 
I        This  so-callwl  sphincter  lies  at  a  distanct*  of  seven  to  ten  centimeters  from  the 

I  "^ 


>  See  Reanmont :  Pht/giotogy  pf  Digeatian^  2d  ed.,  1847,  p.  104. 

'  Unfmeister  uiid  Schiilx :  ArtkiwfSr  tuyw.  Piithotogu  nnd  Pkarmakotogie^  1886,  Bd.  xx. 
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pylorus.  Between  k  ami  iXw  pvlorus  is  [\\v  "antrum  pylori,"  of  which  the 
distinguishing  features  are  the  coQi[>arative  smootlniww  and  pak-ntss  of  the 
raucous  niemhmue,  the  prcsf^iKf  of  the  pylorio  as  distingiii.slie<l  from  the  fundic 
glaudsj  iiuil  tijf  t'.\istein.v  of  :i  reiativt'ly  xk^vy  strong  imisciiljituiMr. 

The  raoveraeuLs  of  the  sloraach  duritig  digestion  Imvu  beeti  the  Biihjeet  of 
Tinich  study  and  ex|>erinuMitatirin,  hnlh  in  m:in  and  thf  lowor  animals,  but  it 
oiiinot  Ik'  said  itiat  tin*  ntci'lianism  (if  the  tnovcmonts  is  as  vet  coiiiphMelv 
understood.  'V\\\'  fundanicntiil  liu-t  to  be  borno  in  mind  is  tlmt  during  a 
]iiTio<l  of  siv^-ral  hours  iiftor  nnlinary  finKl  is  roccived  into  the  stoniaeli  the 
inu.sfnlatun'  of  tins  organ  t'ontnirt-s  in  such  a  way  as  to  keep  the  contents  in 
movement,  wliile  frtiui  time  to  time  the  tJiinuer  portions  of  the  semi -digested 
fiKxi  are  sent  through  the  pylorus  into  the  duodenum.  Thei-e  is  a  certain 
onleriine.ss  in  the  movement,  and  es|K*cially  in  the  se]ianUion  and  ejection  of 
tht'  nuire  li<]uiil  iVom  the  Milid  purls,  which  imlirates  that  tlie  whole  act  is 
well  (K>-oi*diuated  to  a  detinite  end.  The  older  physiologists  s|)oke  of  a  aeleo- 
tive  povs'cr  of  the  [nlnrus  in  i-eforence  to  the  recutring  acts  of  ejection  of  the 
more  Itfjufd  portions  into  the  intestine,  hut  a  phrnst*  of  i]u8  kind,  as  ujkplieil  to- 
a  muscular  ap^wnitUvS,  is  |>ermist>ible*  only  as  u  figure  of  speech,  and  throws  no 
light  whatever  upon  the  nattn^e  of  the  piXM.«ess.  It  [ias  Ix^en  the  object  of 
re<'ent  iuvestigatioiis  to  discover  (he  uiecliurdcal  factoi-s  involve*!  in  the«c  acts 
and  their  rektious  to  the  musculature  known  to  l»e present  It  has  been  shown 
satisfactorily  that  tlie  luovetnuuts  (►!'  the  stoniacli  are  not  dejK'tKlent  u|Kin  ils 
connection  with  tlie  centm!  nervous  system.  The  stomach  i*e(vive8  u  rich  8U|»- 
ply  of  extrinsic  nerve-fibres,  some  of  whit*h  are  distribntetl  t4>  its  muscles  and 
serve  to  regulate  its  movements,  as  will  be  descrilH'd  later;  but  when  these 
extrinsic  nerves  are  all  soverc<^l,  and  indeed  when  the  stomach  is  et)iiip]etely 
removed  from  the  body,  its  tnovements  may  siill  continue  in  apparently  a 
normal  way  so  long  as  proper  con^litions  of  moisture  and  temperature  are 
maintained.  We  nuist  l>elievc,  therefore,  (hat  the  stomach  is  an  aufojuaiic 
organ,  using  tiie  word  automatic  in  a  limited  si'nse  to  imply  essential  independ- 
ence of  the  central  nervous  system.  The  normal  stomach  at  rest  is  usually 
quiet^  and  the  stimulus  To  it^  movements  eiimc^  from  the  pres4"n<v  of  the  solid 
or  liquid  material  reeeivetl  into  it  from  the  (csopliagus.  Upon  the  ixveptioa 
of  this  material  the  movements  begin,  at  first  feebly  but  gradually  increasing  in 
extent,  and  coiitinu*"  uuri!  ntost  or  all  of  the  material  has  Ixru  sent  into  the 
ducKlemim,  tlie  length  oi'time  re<|uire<l  depending  upon  the  uatui*e  and  armmut 
of  the  fbo<l.  The  exact  cJiaraetcr  of  the  movements  has  l)een  variously  de- 
WTibed  by  different  olwservers.  Upcm  man  they  were  carefully  studied  by 
Beaumont^  in  his  famous  observations  upon  Alexis  St.  Martin  (sec  p.  ^88  , 
anil  nuiny  points  in  his  description  have  of  late  years  been  coniirmed  by  ex- 
periments up<>n  dogs  and  cats,"  whose  stomachs  resembh-  tliat  <if  man.     These 
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oWrvutions  all  t<>iKl  to  ishow  tliat  the  nmiu  movements  of  the  stomach  are 
eflwtctl  hy  the  imijsciiiature  of  tin*  antrum  ]>yIori,  whose  omtniction  is  not  only 
the  <*hier  tiictor  in  ejefiiii,^  the  iniitcrial  into  tlic  <hitxloninn,  hut  also  aid.s  in 
keeping  the  0(Mil4iit.s  of  the  stonuirh  in  motion.  The  extent  to  which  contrac 
tions  (jocur  In  (hi*  fuiMlif  cnil  of  the  stomach  <1(H'>  iu»t  seem  to  l>e  ho  clearly  de- 
termined. A*rortliug;  to  some  ulxserversrhytlimic  movomentM  are  al»»ient  in  the 
fnn<luH  to  t\w  letl  of  about  the  middle  of  the  stomach,  this  portion  simply  re- 
muininjr  iti  a  Litnditinn  nf  tune ;  accorxling  t<»  «itlici's  tlic  contractions  Ix-jrin  near 
the  esophageal  opcnin*^  and  pass  thence  toward  the  pylorus.  Accnnlin^  tr> 
Cannon'ri  obs<»rvations  t>n  the  cat,  the  fiindic  en<l  toward  the  clow*  of  digestion 
ent4'rs  into  a  irrailti;dly  inrnasin^  cijudiiinn  of  tone  that  «pu*e7eft  its  content* 
forwanl  into  the  prt-natnd  rr^'ion. 

According  to  Hofmcister  and  Sehiitz,  a  normal  movement  h<»ginfl  near  tlie 
canlia  hy  a  flattening  or  constriction  which  is  feeble  and  is  apparent  only  on 
the  side  of  the  great  curvature.  This  constriction  is  due  t*»  a  contnicliftii  u{ 
the  circular  nuisclc-tibn-s,  and  th*'  wave  thus  slartt'd  passes  toward  the  i>y  lurus, 
increasing  in  strength  :ls  it  goes^  while  the  |inrts  heliind  previously  \\\  contrac- 
lion  slowlv  n-lax.  This  p<'rlstalti«*  wave  i-otiies  to  a  slop  a  short  distancr  in 
front  f»r  th<*  autnini  pylnri  l>y  a  fon.'-tri^'lion  involving  llir  svlnitr  cinumfrifnce 
of  the  stomach,  to  which  tliese  authors  gave  the  name  of  tin-  ''  pre-anlnil " 
<Y>nstrIction  ;  it  seems  to  murk  tlic  clifnax  r>f  the  ptri^ialtic  niovctueiit.  The 
obvious  e1Tl*ct  of  this  movctueiU  so  iar  would  be  to  push  fvnwartl  s<juie  of  llie 
contents  of  the  fundus  into  tlie  antrmn.  lainuxliately  ujKin  the  formation  of 
this  «x>nstricttfm  the  strong  *'  >phincter  antri  pylorici  "  or  tnin^verse  l>ond  whi<'h 
marks  the  U^iniiing  of  tlie  antrum,  i-ontracts  strongly — so  strongly,  in  fact,  in 
what  may  be  considered  normal  movements,  as  to  cut  off'  entirely  the  antrum 
pylori  from  the  fundus.  Following  upon  this  the  musculature  of  the  antrum 
contracts  jus  a  whtde,  wjucezing  upon  its  r*ontents  and  sc*nding  them  through  the 
narrow  o]>eniug  ol*  the  pylorus  int*»  the  duodemmi.  If,  however,  the  contents 
of  the  antrum  are  not  entirely  li<]uid,  but  contain  some  solid  ]>article8  too  large 
to  escape  through  the  narrow  pvlorus,  tlirir  presence  seems  to  stimulate  an 
"antip^'ristaltic"  wave  in  the  mu^rulatniv«tf  the  antrum  pylori — that  is,  a  mus- 
cular wave  running  In  the  reverse  direction  to  tliat  of  a  normal  one,  from  right 
to  left,  the  effect  of  whtc-h  is  to  throw  Imck  these  solid  particles  Into  the  fundus, 
which  is  now  in  communication  with  the  antrum,  the  sphincter  antri  pylorici 
having  relaxed.  This  reversed  wave  in  the  nntnini  seems  to  have  been  obsGr\*ed 
repeatwlly  by  I^umont  upon  the  human  stomach,  as  well  as  by  TTofmeister 
and  Schutz  n|Kin  the  dog*s  stomach,  and  enables  us  to  understand  how  solid 
jMirticles  thrown  against  the  pylorus  arc  again  foroeil  l>ack  into  the  fundus  to 
undergo  further  digestive  and  mechanical  action.  According  to  other 
observers,  the  contractions  of  the  sphincter  antri  pylorici  are  not  strong 
enough  tocut  off'coinpUtrly  tin-  antrum,  and  llic  afitrum  do<*s  not  nititrart  as 
a  whole.  The  jKristaltie  waves  simply  run  over  this  ixirtion  with  increasing 
simigth  fonin;^  the  fi»i»d  against  tin*  pylonis.  ThcK*  movement**,  as  a 
Mhi»K',  from  fundus  to  jivlorus  ix*cur  with  a  cvrtain  rapi*lity  which  varit;* 
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with  the  nature  aud  amount  i^i"  tli*-  niKtiut^  of  the  btoiimrU  and  the  }>eriuci  of 
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dip'.-*tii"n,      In  lieanniontVs  olj.sorvatjouis  thi*  nKivtnii'ntf;  c^f  thi*  |)vhiruH  arc 
rcconk'U  as  tiillowinir  ciicli  other  iit  inttTvaln  of  two  to  thrcr  minutes,  while 
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pvloric  part   follow  at  ivgnlar  intervals  of  ahiKit  ti'U  eeconds, 

It  will  he  tifun  that  iu^i.-onliii^  to  Ujih  ths^rription  the  movements  ix'enr  In 
two  pliascs :  iirst,  tlie  fechh-  p('nst;ihit-  nmvc^ini'iit  rnniiiiiLT  ijvcr  (ln'  fnmiun 
cliiefly  on  the  side  of  tlie  great  eurviitiirr  and  resulting  in  puj^hing  some  of 
the  fnndie  i-oritents  into  the  antnmi  ;  seeond,  tlu'  stron«ijer  ciuitnietions  of  the 
anlnini,  the  cHeet  of  wliieii  is  to  .'rijueeze  sonir  o]'  thr  I'onlcntr*  int<»  the  chio- 
denuni.  Whether  or  not  tJie  musculature  of  the  autruru  shows  only  stronjjer 
]ic'ristaltic  wav«.*s,  or  etrntnu'ts  an  a  wholp,  with  nome  siuKht'nne.ss  after  the 
manner  of  a  systole,  as  de.serii>od  hy  Ilofmeister  and  Schiitz,  eaunot  be 
definitely  stated.  The  force  with  whieh  the  contents  of  the  antrum  are 
ejeeted  thron<rh  the  jivlorns  into  \W  dnoilenuni,  iw  shown  hy  ol)servationfl 
made  njK>n  animals  with  a  duodciKd  tistuhi,  s]K'ak6  in  favor  of  the  latter 
view.  It  is  possihlf  that  either  of  these  piiases,  hut  especially  the  first, 
mijifht  oeenr  at  times  m  itltont  the  other,  and  in  the  first  pfiasw  it  ib  prohahle 
tijat  the  loni!;itndinul  fdjres  of  tlie  stoniaeh  also  e(mtraet,  shorteniiiij  tlie 
organ  in  its<  lon^r  diameter  and  aitling  iti  the  pntpnlsive  movement,  hut 
aetnal  observation  of  this  factor  has  not  l>een  suecessfully  made.  It  ean 
well  l>e  nndepstDiKl  that  a  series  of  these  movetnenls  <K*enrrintr  at  short  inter- 
vals wiinld  result  in  putting  the  enth'tr  senii-liipiid  contents  of  the  stomaeh 
into  con.stant  eireulation.  The  pi-ecise  direetion  of  the  eurrt^nt  set  up  i«  not 
agreed  upnn,  hut  it  is  prohahle  thnt  the  gnipliie  deMTiplinn  given  hv  Beaumont 
is  snbbtautially  aeeurate.  A  i>ortion  of  this  tlcseription  may  be  tjuoted,  as  ibl- 
lows:  "The  oi-dinary  eoui*»e  and  direetion  of  tlie  i-evolutious  of  tlie  food  are, 
first,  arter  [tassing  the  cest)phageal  ring,  frnni  right  to  lei\,  along  tlie  small 
arch  ;  thenee,  tlirough  the  large  eiirvatnre.  from  left  to  right.  The  bolus,  a-  it 
enters  the  cardia,  turns  to  (he  left;  passes  tlie  a|K;rturc;  deseeuds  into  the  sphr^nle 
extremity,  and  follows  the  great  eurvature  towan.1  the  pylorie  end.  It  then 
returns  in  the  eonrse  of  the  small  curvature."  The  averag:*  time  taken  lor  one 
of  these  complete  revolutions,  according  to  observations  made  hy  JJeanmout, 
seems  to  vary  from  one  to  tliree  minutes. 

It  is  possible,  of  course,  that  this  tvpieal  eiwuit  taken  by  ihe  fotnl  mav  often 
be  varied  more  or  less  bv  ditlerenl  conditions,  but  the  luuseuiar  movements 
observed  from  the  outside  would  seem  to  be  adapted  to  keeping  up  a  general 
revolution  of  the  kind  di^serilM^d.  The  genend  result  ufxin  the  food  may  easily 
be  imagined.  It  beeonn^  thoroughly  ini.\e<l  witli  ihe  gastric  jnirr  and  any  liquid 
whieh  may  have  l>een  swallowed,  an<l  is  gnidually  disiutegraiwl,  dissidvwl,  and 
more  or  less  completely  digested  so  far  as  the  proteid  an(5  nlbuminoid  eimstilu- 
ents  are  «meernwl.  The  mixing  action  is  aided,  moreover,  by  the  movements 
of  the  diaphragm  in  respiration,  sinee  at  each  descent  it  presses  u|>on  the  stomaeh. 
The  powerful  uiuseular  contractions  of  the  antrum  serve  also  to  triturate  the 
softened  solid  jiarticleSj  and  finally  the  whole  mass  i*  i-eduet**!  to  a  liipiid  or 
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frcmi-liqiiiil  mixture  known  as  chymo,  ninl  in  this  condition  the  rliyttiinic 
rontnu'tions  <>f  tlic  nuiwlos  of  tlio  antrum  ojtvt  it  into  tlio  ilnfMlrnmii.  The 
rhythniir  epirtinj;  of  ilio  conK'iits  of  the  Ktomach  into  tho  (hi<nlt'iiuiii  haft 
hoen  noticed  hy  a  niimhrr  of  ohRcrvcrs  by  means  of  dumlfnal  tifttuhis  in  dojfs. 
cptiihlishrd  just  Itryond  tlif  pvhtms.  It  \\i^  hmi  f^hown  nlsM  that  wht'ii  the 
fcMxl  taken  is  entirely  litjuid — water,  (or  exainpli — the  Ntotnacli  is  emptied  in  a 
surprisingly  short  time,  within  twenty  to  (hirty  minutes ;  if,  however,  the 
water  is  taken  with  nilid  t'HKl  tlivn  natuiiiUy  the  time  it  will  remain  in  (ho 
stomaeh  may  be  niueli  lenjj:thened. 

A  very  interestinti:  pait  of  the  mechanism  of  the  stomach  the  action  of 
which  is  not  thoroughly  understooil  \a  the  sphincter  of  the  pylorus.  During 
the  act  of  digestion  this  sphincter  ivmains  in  a  ctrndition  of  tone;  whether 
its  tonic  ccmiiiK-lion  is  Miflicici»t  only  to  narrow  the  pylorus,  or  whether  it 
is  sufficient  to  completely  shut  off  tlie  pyloruB  so  that  n  partial  relaxation 
must  ocx^nr  with  eiwh  ctMitrat'tiiHi  l^f  the  mus<>ulatnre  of  the  atitnim,  is  not 
sufliciently  well  kimwn.  It  has  Ijeen  ^hown,  however,  that  this  part  of  the 
circular  layer  of  nniaMe  is  dustimtly  under  the  control  of  the  extrinsic 
nerves,  its  tonicity  liein;:  iiicn-iist'd  Ijy  in]pulw>  receivtMj  throUf^h  tin*  vajri  and 
diminished  or  inhihitcxl  hy  impulM-s  throu^^li  the  splanchnii'$.  It  will  L>e  seen 
from  the  alM»ve  brief  description  that  the  muscles  of  the  antrum  pylori  do 
most  of  the  work  of  tlie  stomach,  wliiJe  in  the  tuuch  lar^^tr  fnmUjs  the  f<MKl 
is  retained  as  in  a  rest^rvoir  to  l»e  digesle<I  and  mecliiLnj<-:il]y  [K-cfKUX-d  for 
expulsion  into  the  tnte>iine,  the  two  jwirts  of  the  stomach  fullillinjjr  therefore 
somewhat  different  functions.  Moritz  *  ha<)  called  es[)ecial  attention  to  this 
fart,  and  i>oints  cait  tlie  preat  advanta^  which  atrrucs  to  i\\v.  dij^restive  pro- 
cesses in  the  intestine  in  liaviiiir  the  stomach  to  retain  the  bulk  of  the  food 
swallowed  during  a  meal,  wliile  from  time  to  time  small  portions  only  are 
sent  into  the  intestine  for  inon*  complete  dii>nf*stion  nnd  absor]»tion.  In  tl»is 
way  the  intestine  is  protected  frouj  l«M\tniin<;  i^tngested,  and  its  digtstive  and 
absorptive  processes  are  more  perfectly  executed. 

Bxtrinsic  Nerves  to  the  Muscles  of  the  Stomach. — The  miiscnlature 
of  the  stomach  receives  extrinsic  uerv*'-lilircs  tnttn  two  .soiirc<>s :  from  the  two 
VH^i  and  fr<»m  the  solar  plexus.  The  fibres  from  tlie  latter  source  ariei'  ulti- 
mately in  the  spinal  conl,  pjiss  to  some  of  tlie  thoracic  ^an^lia  of  the  Hym|m- 
thctic  system,  and  thence  by  way  of  the  splanchnii*s  to  the  semilunar  or  solar 
plexus  an<l  then  to  the  Ntomaelt.  These  fibres  probably  ri'ach  the  stomach  as 
non-me^lullated  or  sym|>athetic  fibres.  The  vagi  where  they  are  distributed 
to  the  i^toina^h  seem  to  consist  almost  entirely  of  iion-mcdullated  fibre**  also, 
and  pnii>ably  ihe  fibres  distril>nted  to  the  muscular  coat  are  of  this  variety. 
The  results  of  numerous  experimi'nts  seem  to  show  cpiite  conclusively  that  iu 
genend  the  filtrcs  n*<'eivi'd  ahmg  the  vagus  |»jtth  an-  motor,  artificial  stifuula- 
tion  of  them  canning  n»or(»  or  less  well  marketl  contra<*iions  of  part  or  all  of 
tJM*  mu.H(Mdature  of  the  stomach.  It  luis  beiMi  shown  that  the  sphincter  pylori 
B       M  well  as  the  rest  of  the  musculature  is  supplied  by  moU^r  fibres  from  theae 
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nen'es.  Tlie  fibres  corning  through  the  Hplaiichiiics,  on  the  txjutrarv,  are 
mainly  inhibitnrv.  When  stinmlatwl  they  cause  a  dilatatiou  of  the  oontrac'ted 
stornnrh  :uhI  a  rehixation  of  the  spliinclcr  pylori.  Some  observer*  have 
n-'purtoil  exj>erinieiit.s  ivliich  seem  to  show  that  tliis  anati>mii'nl  st'|Miralion  of 
the  motor  and  inhibitory  fibres  is  not  omiplcte;  that  some  inhibitory  fibres 
may  be  found  in  the  vagi  and  sotne  motor  fibivs  in  the  splanchnios.  The 
anatomical  courses  of  tliese  fibres  are  in-^iiffiri^'iitly  known,  but  there  seems  to 
be  no  qnestion  iw  to  tiie  existemie  of  the  iwn  pljysiolopjiral  viirioties.  Through 
their  activity',  without  doubt,  the  movements  of  the  stomach  may  be  regu- 
lated, favorably  or  unfavorably,  by  e<>nditians  diroc'tly  or  indirectly  alfetl- 
ing  the  (I'lilral  iicrvou.-  system.  Werlhtinier '  hns  shown  exjwriintMJtallv  that 
stimulation  of  the  central  ent]  of"  liie  tii-ialie  or  the  vagus  nerve  may  cau^^e 
rt'fiex  inhibition  of  the  tonus  tif  the  .stomaoh,  and  I)oyon-  h:i>*  confirine*!  thi» 
result  in  eatk*  where  the  movements  and  tonicity  of  tlie  stonmeh  were  first 
inen*ased  by  the  action  of  pilix-arpin  nnd  siryehniii.  Camiun  in  his  obsorva- 
ti<»ns  njjon  rn!s  fonml  that  all  niovefnt-nts  of  the  stomach  erased  as  s«>on  as 
the  animal  .slii>wcd  signs  of  anxiety,  rage,  or  distress.  It  nui«t  lie  iMirne  in 
mind,  liowever,  that  the  action  of  these  extrinsic  fibres  under  normal  conditions 
is  pmbaldy  only  to  ivgulate  the  movements  of  the  stomach.  As  we  liave 
seen,  even  tlie  extiqwied  stoiuueh  under  pi*oper  condilions  seems  to  execute 
movenient8  of  the  normal  type,  N'ornially  the  movements  are  provoked  by  a 
stimulus  of  some  kind,  usually  the  prcssence  of  food  material  in  the  interior 
of  the  stomach.  IIow  the  stinnilus  acts  in  this  case,  whether  directly  upon  the 
muscle-fibres  or  indirectly  ihrongli  the  intrinsic  ganglia  of  the  stomach,  luis 
not  been  detennineil,  and  the  evidence  for  either  view  is  so  insufficient  that  a 
discussion  of  the  matter  at  this  time  would  seiirec'ly  be  profitable.  We  must 
wait  for  more  complete  investigations  upon  tfie  pliysiulngy  as  well  as  the  his- 
tology of  the  muscle-  and  nerve-tissue  in  this  and  in  other  visceral  organs 
constructed  on  the  same  type. 

Movements  of  the  Intestines. 

The  muscles  of  the  .small  anil  the  huge  intestine  ai*e  arranged  in  two  layers, 
an  outer  longitudiual  and  an  inner  circtihir  eoat,  while  between  tliese  rx^ats  and 
in  the  submucous  coat  there  are  present  the  nerve-plexuses  of  Auerbach  and 
Mei.ssncr.  The  general  arrangement  of  nin.s<"les  and  nerves  is  similar,  rlicrc- 
foi\%  to  that  prevailitii:  in  the  stomach,  and  in  acconlance  with  this  we  find  that 
the  pliysiologiral  artivitit-s  exhibile<l  are  of  much  the  same  eliaracter,  only,  per- 
liaps,  not  quite  so  C4»mple.\. 

Forms  of  Movement. — Two  marn  forms  of  intestinal  movement  have  beea 
distinguishtsl,  the  |K*nsiahic  and  the  peudidar. 

Penstalsis, — Tlie  peristaltic  movement  consists  in  a  constriction  of  the  walls 
of  the  intestine  which  l>eginninc:  at  a  certain  [Hiiiit  [lasM^s  dowuwaixl  away  from 
the  stomach,  from  segment  to  segment,  while  the  pirts  behind  the  advancing 
zone  of  constriction  gi*atlna!ly  relax.     The  evident  effect  of  such  a  movement 

'  Ar^va  d€  Fhyswhffie  normale  et  foihologUput,  1892,  p.  379.  » Ibid.,  1895,  p.  374. 
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'oiild  be  to  push  onward  tlic  coiitonU  of  the  iutestiiieg  in  the  direcition  of  the 
luoveinent.  It  is  obvious  that  the  cirpiilar  layer  of  nitisi'les  is  chiefly  involved  in 
peristaUis,  since  constriction  can  <»nly  be  pnKlnced  by  cHUiti'action  of  this  layer, 
To  what  extent  the  lonjrihidinal  nnisehv  enter  into  the  movement  i.snot  definitely 
doterniined.  The  term  **  auti-j)eriKlulsi.s*'  i.s  nsetl  to  deseriln;  the  same  form  of 
movement  rnnninir  in  tlie  0]>posite  direction — that  is,  tt>wnrd  the  stomach. 
Anti-perislalsi.s  is  nsnallv  wiid  not  to  twn'ur  umler  normal  conditions;  it  has 
been  observed  sonietiriR??  in  Isolatetl  pieces  of  intestine  or  in  the  exposed  intes- 
tine of  living  animals  when  stimulated  artificially,  :ind  Grutzner^  re|KirLs  a 
number  of  ctirious  ex[>erimcnts  whicli  seem  to  >\u*\v  that  substances  such  as 
hairs,  animal  charcoal,  etc.,  intnxiueed  into  the  n^ctuni  may  travel  upward  to  the 
stomach  under  certain  n>nditit»ns.  The  jx-ri-'tuhic  wave  nonnally  piisst^  down- 
wanl,  and  tliat  this  direction  of  movement  is  dej)endenl  upon  sour*  dctinite 
arrangi'nicut  in  the  intestinal  walls  is  jjcautifnlly  shown  by  the  expiriments  of 
Mail*  and  othci-s  n^nm  rcversjil  of  the  intestines.  In  tht?«'  ex|>crimentK  a  |)or- 
tiou  of  the  small  intestine  was  resecteiJ,  turneil  round  and  suturwl  in  place 
again,  so  tliat  in  tin's  piece  wliat  wjis  the  lower  end  Ixxaime  the  up|>er  eml» 
In  those  animals  tlmt  made  a  good  o|»ciiiiivc  recovery  the  nntrittve  <'ondition 
gradually  becsime  very  serious,  and  in  llic  animals  killed  and  examined  the 
autoj>.*y  showed  accumulation  «»f  mati'rial  at  the  uj>[x*r  cud  of  the  revei'sed 
piece  of  intestine,  and  great  dilatation. 

The  [H-ristaltic  movements  of  the  intestinc^t  may  l>e  observed  njuju  living 
animals  when  the  ab<lonien  is  ofx'ued.  If  the  operation  is  made  in  the  air 
and  the  intestines  an?  exiw>s*%!  to  its  influence,  or  if  the  conditions  of  tem|>era- 
turc  and  circidation  arc  otherwise  disturbed,  ihe  movements  ol»served  are 
often  violent  and  irrejjular.  The  |H;nstalsis  rnn^  rapidly  along  the  intes- 
tines and  may  jkiss  over  the  whole  length  in  about  a  minute;  at  the  same  time 
tiie  contraction  of  the  longitiulinal  muscles  gives  rhe  l>oweIs  a  petniliar  writhing 
movement.  Mttvemi'uLs  of  this  kind  are  evidently  abnormal,  and  only  o<'enr 
in  the  body  under  the  strong  stimulation  of  pathological  conditions.  Normal 
peristalsis,  the  objet^  of  which  is  to  move  the  food  slowly  along  the  alimentary 
tract,  is  quite  a  different  affair.  Observers  all  agree  that  the  wave  of  t^ntractioii 
is  gentle  and  progresses  slowly.  Ae<M)niing  to  liayllss  and  Stjirling/  the 
peristaltic  movement  is  a  couipli<^t4*d  reflex  through  the  intrinsic  ganglia. 
When  th»'  intestine  is  stinmlat<Hl  by  a  bolus  placed  within  it.s  cavitv,  the 
musculature  above  the  [Miint  stimulated  is  cxciti'd,  while  that  IkIow  is  in- 
hibited. In  acennlanee  with  this  law  they  tind  that  in  iieristalsis  the  advanc- 
ing wave  of  pfMistriction  is  pr*x'ede<l  by  a  wave  of  relaxation  or  inhibition. 
The  forc^»  of  the  contraction  as  mwisurcd  by  f 'ash  *  in  the  dog's  intestine  is 
VQry  small.  A  weight  of  five  to  eight  grams  was  sutfioient  to  cheek  the  on- 
ward movement  of  the  8ul>stance  in  the  intestine  and  to  set  up  violent  eolickj 

'  DtutKkt  meih'rinijieh*    »VA/-nwAnft.  1894.  No.  48. 
'  TKe  Johnx  Hopkinn  floapUal  Urpnrtu,  vol.  i.  p.  93. 

*  Journal  nj   Phi^iiiiJiitft/,  IKOi*.  vol    jsxit.  |k  W*, 

*  Proccediaga  o/'  the  Bo^d  Surieiy^  I»ntl<m,  18K7,  vnl.  41. 
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contractions  wliicli  canse<l  the  anirnni  evident  uneasiness.  Wo  may  .suppt^ee 
that  under  Tionnnl  roiulititms  v\\A\  contnirtion  (rf  the  antriini  pylori  of  the 
sloniiU'fi,  whirli  rji'i'ts  rliyiiu'  intii  tlir  iliiiKlrnmu,  in  fiJlowi-il  Iiy  a  iM^-ri-^talsis 
that  beginning  at  the  iIiukIchujh  |(as?ies  ^I^l\vly  (h)\vn\vanl  i'or  a  part  or  all  \ii[ 
the  small  intestine.  According  to  most  ohservers,  the  movenieDt  is  bhK'ked 
at  the  ileo-cfvra!  vatvc,  aiu!  th(^  jwristiihi**  movements  of  tin-  lai^o  inti-stino 
form  an  indtjH^ndent  gruiip  himilar  in  all  their  general  rlmrart**rs  to  Uiosl*  of 
the  small  intestine,  but  weaker  and  slower. 

Jlechaniitm  of  the  PcriMtftftie  Movement. — The  means  by  which  the  pt'ri- 
etaltic  ninvemmt  makes  its  ortlerly  forward  prugressifm  have  not  lifen  tletiT- 
nnned  beyond  qiiesti^ju.  Tlie  HimpK-st  rX|jl;tn:itioi»  would  be  to  assume  tliat 
an  impulse  is  eonveyed  direoLJy  from  erll  \\>  vvW  in  the  eircular  mu$(ndur 
ca'it,  so  that  a  i-ontraetion  started  at  any  |M)int  would  spre:nl  bv  dire<'(  (^on- 
dmrtioii  of  the  eoEilnictiori  ehaiige.  'i'his  tfirory,  liowcvrr,  d(>es  uwi  explain 
satisfaetorily  the  normal  conduction  of  tin*  wave  of  contraetion  always  in  one 
direetioHj  nor  the  fart  that  a  rcvcrsi-d  pin^c  *)f  intestine  r<»ntfnnes  to  spud  its 
waves  in  what  was  U^v  it  tfie  normal  din'rtinn.  Moreover,  Hayliss  and 
Starling  state  that  although  thr  peristidtie  movements  continue  atler  sc^ctiou 
of  the  extrinsie  nerves — indeed,  beeome  more  marked  untler  tliese  eontlitions 
— the  application  of  eoeaine  or  iiieotine  ]»revi'nts  tlieir  oeeiirrenee.  iSinee  tliese 
substanees  may  be  supposed  to  aet  on  tlie  intnuf-ie  nerves,  it  is  prolwble 
that  the  coMirdination  of  the  movement  is  ett'eetetl  llironp^h  the  h*cal  nerve- 
gnnirlia,  lint  onr  knowle<lge  of  tlic  meefiaiiism  and  ]>liy,«Iology  of  tliese 
|M'ripii4Tal   nerve-ph'xuscs  i.s  as  yet  quite  intMtniph  t<'. 

Penditlar  Morntu*niit. — In  a<hlitiuii  (o  the  perii^taltic  wave  a  Be<x>nd  kind 
of  movement  may  be  observtsl  in  the  exposoti  inte*itines  of  a  living  animal. 
This  movement  is  characterized  by  a  gentle  swingii*g  to  and  fro  of  the  different 
loojw,  whence  its  name  itf  pendular  movoraent.  The  (jseilhitittns  occur  at 
regular  intervals,  and  an»  UHually  aseribe^^l  to  rbylhmic  eontraelions  of  the 
longitudinal  nius<:'les.  Mall,'  however,  U^lieves  that  the  main  feature  of  this 
movement  i^  a  rhythmic  contraction  of  the  circular  muRcles,  involving  a  ]^rt 
or  all  of  the  inteslinis.  He  prelt^rs  to  sjteak  of  the  movements  as  rhythmic 
insttwl  of  [lendiihu'  c<nitraetious,  and  points  out  that  owing  to  the  arnuigement 
of  the  bliKMl-vesHels  in  the  coats  of  the  intestine  the  rhythmic  t^jintraetions  should 
act  as  a  pump  to  expel  the  blood  from  the  Hnbmueoiis  venonn  ])lt*xus  into  the 
radicles  of  the  sui>erior  mesenteric  vein,  and  thus  materially  aid  in  keeping  up 
the  circulation  througli  the  intestine  and  iti  maintaining  a  good  pressure  in  the 
portal  vein,  in  much  the  s;imc  way  as  happern  in  the  ease  ol'  the  spleen  (see  p, 
'm\tVl),  Ravliss  and  Starling  i-ormborat^'  this  view,  except  that  thev  find  that 
both  the  ('ireiilar  and  longihidinal  layers  of  muscle  are  concerned  in  I  he 
movement.  The  rhythmic  eontractions,  according  to  these  observers,  are 
entirely  muscular  in  origin,  since  they  |>ersist  after  the  application  of 
nicotine  or  cociune. 

Sztrinsic  Nerves  of  the  Intestines. — As  in  the  case  of  the  stomach,  the 
'  7%e  JaAfM  Hophinn  Ho9pital  Rirporti,  yol.  i.  p.  87. 
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Hmall  intestine  ami  the  grt-ater  jmrt  of  the  large  intestine  receive  visoertj-niotur 
nerve-fibrt'rt  t'nmi  tlie  viip  and  the  syrii|iiuhetii.'  chnin.  The  former,  aeoonling 
to  most  observei's,  when  artiticiiilly  stinuihittHl  cans*' movements  of  the  intestine, 
and  are  therefi>re  iv^irdwl  as  the  niotnr  filires,  It  seems  ]>rohal»Ic,  however, 
that  the  vagi  eany  or  may  (tirry  in  some  animals  inhibitor\*  fibres  as  well,  and  that 
the  motor  effet^s  nsually  ohtainf^l  iijum  stirmilatifm  are  due  to  the  fact  that  in  these 
nerves  the  motor  fihns  [HiMloininnte.  The  fibi'es  receivwl  irom  the  symjiathetic 
chain,  on  the  other  hand,  give  mainly  an  inhibitory  etTk't  when  stimulated, 
although  some  motor  fibiX's  apparently  may  take  this  path.  Beehten*w  and 
Mislawski*  stale  that  the  sy  injKillietic  rti>r<M  for  the  small  intestine  emerge  from 
the  spinal  cord  as  meiiullalt^t  fibres  iu  the  sixth  doi^sal  lo  the  first  lumbar 
spinal  nerves,  and  pass  tt>  th*^;  sym|KitIietiL'  ehuiri  in  the  sphiuflmir  nervt-s  and 
thenw  lo  the  K'tuilunar  jdexas,  while  the  >ympathetic  fibres  to  (he  large  int«i- 
tine  and  nvtum  arise  in  the  four  lower  Itimlmr  and  the  three  u[>j)er  sacral  spinal 
nerves.  AtK'itrding  to  Langley  and  Andcrs^m"  the  descending  colon  and  i-ec- 
tum  receive  a  double  nerve-sii|]ply — Hi>t  from  the  lumlwir  gpinal  nervt**  (^second 
to  fifth),  the  fibres  parsing  ihifHigh  tlie  syrnpiithctic  ganglia  and  the  inferior 
mesenteric  plexus  and  cjuising  <'hicfly  an  inhibition  ;  s<H**)ud,  through  the  sjicral 
nerves,  the  fibi*es  jiassitig  thri>ugh  llie  ucrvus  erlgens  and  tlK']iv|n)g:Lstric  plexua 
and  «<au.-ing  chiclly  eontaictJon  of  the  circular  muscle. 

These  extrinsic  fibres  undoubtedly  serve  for  the  regulation  of  the  move- 
ments of  the  bowels  from  the  central  ncrvrms  system  ;  (^►nditions  whicli  influ- 
em-e  the  c<?ntr.il  system,  either  directly  or  iji{lirt?etly,  may  thus  aHeet  the  intesti- 
nal movenieuts.  The  ]iaths  of  these  fibres  through  the  (antral  nervous  system 
are  not  known,  but  there  are  eviticutly  connccti<irjs  extending  to  the  higher 
brain-centres,  sinct*  psychicid  states  are  known  loinflu(iu*c  the  movements  of  the 
intestine,  ami  according  to  f>ome  olwervers  stimulation  of  portions  of  the  cere- 
bral cortex  may  produce  movements  or  relaxation  of  tlie  wall>of  the  small  and 
large  intestines.  As  in  the  ease  of  the  stomach,  ihe  extrinsic  fibre's  seem  to 
have  only  a  regulatory  influenix'.  W'lion  they  are  ctmipletelv  spvere<l  the 
tonicity  of  the  walls  of  the  intestine  is  not  altered,  and  j^eristaltic  and  rhythmic 
movements  still  <x»(Mir.  The  same  n:>sults  may  Iw  ot)taiu4'd  even  upon  ex- 
ciscii  portiims  of  tfie  intestines  (Sulvioli,  Mall).  It  seems  probable,  there- 
fore, that  uorm:d  jK-ristalsis  in  the  living  animal  may  be  efTwted  independentiv 
of  the  central  nctvous  >ystein,  althoiiir|j  \xn  chanicter  and  strength  is  Hubj^-ct 
to  regulation  tiirough  the  medium  *jf  the  viscvro-motor  fibivs,  in  muclj  the 
same  way,  and  possibly  to  as  great  an  extent,  as  the  movements  of  the  heart  are 
controlle<l  through  its  extrinsic  nerves. 

Effect  of  Various  Conditions  upon  the  Intestinal  Moveznente. — Ex|xTi- 
ments  have  shown  that  the  movements  of  the  intestines  mav  l>e  evoked  iu  many 
ways  beside  <Hrect  stiuialatiou  of  the  extrinsic  nerves.  Chemical  stimuli  may 
l>e  applied  directly  to  the  intestinal  wall.  Mechanicjd  stimulation,  pinching, 
for  example,  or  the  introduction  of  a  bolus  into  the  inU^'Stinal  cavity,  will 

'  \h\  Bnia-RermitnH's  Archit}  fur  Pht^no/ogit,  188i>,  Siippl.  FW. 
"  Jfmmal  nf  Pkj/iiioloyify  ISW,  Tol.  xviii.  |i.  (17. 
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start  normal  i>eristal.siB.  Violent  movements  may  be  produced  also  by  shut- 
ting off  the  hloofl-siipply,  aiiJ  agtiin  teniponirily  when  the  supply  is  re-estab- 
lished. A  eonditiriTi  of  dyspn(pu  may  also  start  movements  in  the  intestines 
or  in  some  cases  ]n[iil>it  niovenients  which  are  already  in  progresft,  tiie  stimu- 
lus in  this  oasf'  seem  in;::  to  act  iiixm  the  central  nervous  system  and  to  stimu- 
late both  the  nifttitr  iind  the  inhibitory  fibres.  Oxygen  gas  M'itbin  t]ic  l>ou'els 
tends  to  sUHpend  the  movements  (tf  the  inlentine,  while  CC)j,  C'H^,  and  H,S 
act  as  stimuli,  increasing  the  movements.  Organic  acids,  such  as  acetic, 
propionic,  formic,  iind  caprylie,  which  may  be  formed  normally  within  the 
intcstint'  as  the  result  of  hucterial  action,  act  als(f  as  strong  stimulants.' 

Defecation. — The  undigested  and  indigestible  parts  of  the  food,  together 
with  some  of  the  debris  and  sc<Tctions  tVoiri  the  alimentary  tniet,  are  carried 
Blowly  through  the  large  intestine  by  its  p-nstaltic  movements  and  eventually 
reach  the  sigmoid  flex urt*  and  rcrtum.  Here  the  nearly  solid  ruatcrial  stimu- 
lates by  its  pressure  the  sciisoi*)'  nerve^»  of  the  rectum  and  produces  a  distinct 
sensation  and  desire  to  defecate.  The  feeal  material  isretainetl  within  the  rectum 
by  thi'  action  of  the  tw<j  sphuKitur  ruuscles  which  close  the  anal  ojvening.  One 
of  these  muscles,  the  internal  sphincter,  is  a  strong  band  of  the  circular  layer 
of  invohmtar)'  niuseles  which  forms  one  of  the  coats  of  the  rectum.  When 
the  rectum  contains  fe^ii!  material  this  muscle  seems  to  be  thrown  into  a 
condition  of  tonic  ooutmctton  until  tlie  act  of  defecation  begins,  when  it  is 
relaxed.  The  sphincter  is  ooraposeil  of  involuntary  muscle  and  is  innervate<I 
by  fibres  arising  partly  from  the  sym{>athetic  system,  aud  in  part  thr^iugh 
the  nervus  erigens,  from  the  sacral  spinal  nerves.  The  external  sphincter  ani 
is  composed  of  striated  nuiscle-tiir^nc  and  is  under  the  control  of  the  will  to 
a  eertiiin  extent.  W lien,  howcv<*r,  the  stimulus  from  the  i-ectum  is  sufficiently 
intense,  voluntary  control  is  overcome  and  this  sphincter  is  also  relaxed. 
The  act  of  defecatiun  is  in  part  voluntary  and  iu  jmrt  involuntarj'.  The 
iuvoluutarv  factor  is  found  in  the  contractions  of  the  strongly  develo|)ed  mus- 
culature of  the  re*^tum,  esi>ecially  the  circular  iayer,  wliieh  serves  to  force  the 
feces  onward,  and  the  relaxation  of  the  internal  sphincter.  It  seems  that  tliese 
two  acts  are  mainly  euused  by  reflex  stimulation  fron»  the  lumbar  spinal  cord, 
although  it  is  probable  thai  the  rectum,  like  the  rest  of  the  alimentary  tract, 
is  capable  of  automatic  contractions.  The  rectal  muscles  receive  a  double 
nervous  supply,  containing  phy.^iologieally  biith  motor  and  inhibitory  fd)PC8. 
Some  of  these  fibre*  come  from  the  ner\i]s  erigens  by  way  of  the  hypogastric 
plexus,  and  some  arise  from  the  lumbar  cord  and  pass  through  the  correspond- 
ing symj>athetie  ganglia,  inferior  mesenteric  ganglion,  aud  hypogastric  nerve. 
It  lias  Iteen  asserte^l  that  stinmlation  of  the  nervus  erigens  cjuises  contrac- 
tion of  the  longitudinal  museles  and  inhibition  of  the  circular  muscles,  while 
stimulation  of  the  hypogjtslric  nerve  caus*'s  contmction  of  the  circular  muscles 
and  inhibition  of  the  longitudinal  layer.  This  ilivision  of  activity  is  not 
coniiritiet!  bv  the  recent  exjx'riments  of  Langley  and   Anderson.' 

The  voluntary  factor  in  detccation  consists  in  the  inhibition  of  the  external 

'  Bokoi :  Arthwjm  exper,  IhiJtoloffie  und  PharmahAogi^  1888,  Bd.  24,  S.  IAS.         '  Op.  eii. 
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sphincter  and  the  contraction  of  the  alxloniinul  musclos.  When  these  latter 
nau9cle»  are  contracted  and  at  the  same  time  the  diaphni^m  1h  prevented  from 
moving  ujnvartl  l>y  the  cloftTire  of  tho  ^h^ttis,  the  incrca^wl  alxJominal  presMure 
i^  limught  to  bear  U[mhi  (Jie  ubihimiiial  and  pflvir  viM-era,  and  aitis  sti"ongly  in 
preiiwing  the  contents  of  the  descending  colon  and  sigmoid  flexure  into  the 
rectum.  Tlio  preswiire  in  the  aW'^minal  c-avity  in  ^till  fnrther  increased  if 
a  deep  inspiration  is  first  ma<Ie  and  then  maititaincil  <luring  tlie  contraction 
of  the  abdominal  muHclcs.  Although  the  net  of  defecation  is  normally  initiattxl 
by  voluntary  effort,  it  n»ay  al.s)  he  aroused  by  a  purely  involuntary  reflex  when 
the  senstory  stimulus  is  sufficiently  strong.  Gollz  '  has  shown  that  in  dogs 
in  which  the  spinal  cord  had  been  sevcifni  in  the  lower  thoracic  region  defe- 
cation was  |H'rformod  normally.  In  later  rxjirriiiu'tits  in  which  tlie  entire 
spinal  corii  was  removed,  exeejit  in  tin*  crrvical  an<l  upjK-r  part  of  the 
thoracric  region,  it  was  foinul  that  the  animal  after  it  had  rrc4)vered  from  the 
operation  had  normal  movement  once  or  twice  a  day,  indicating  that  the 
rectum  and  luwer  bowels  acted  by  virtue  of  their  intririsie  uicohanisui.  A 
curious  result  of  these  exjieriments  was  the  fact  that  the  extvrual  spliincter 
cveutuallv  regained  \Xa  tonic  activity. 

It  would  seein  that  the  wlmle  act  of  <lefecation  is  at  bottnm  an  invr>hintary 
retlex.  The  physiological  centre  for  the  movement  probably  lien  in  the  Innibar 
cord,  and  has  sensory  and  motor  cfumections  with  the  rectum  and  the  muscles 
of  defecation,  but  tins  n-ntre  is  in  pari  at  least  |>rovid(Hl  with  etnnieetituis  with 
the  centres  ^^\'  the  *vrobrura  through  which  the  act  may  l»e  controlled  by 
voluntary  impulses  and  by  various  psychical  states,  tlie  effect  of  emotions 
ujK>n  defecation  l>eing  a  matter  of  common  knowledge.  In  infanta  the  essen- 
tially invoiuntjirv  chanicter  of  the  act  is  well  seen. 

Vomiting. — The  act  <)f  vomiting  causes  an  ejection  of  the  contents  of  the 
stomach  through  the  fcsophagns  and  mouth  to  the  exterior.  It  was  long 
deljatetl  whether  the  forci^  pnKlucing  this  ejection  ixjints  from  a  strong  contrac- 
tion of  the  walls  of  the  stomach  itself  or  whether  it  is  due  mainly  to  the 
action  of  the  walls  of  the  abdomen.  A  forcible  spasmodic  contraction  of  the 
abdominal  muscles  takes  platv,  as  may  easily  be  observed  by  any  one  ujwn 
himself,  and  it  is  now  believed  that  the  contraction  of  the(*e  muscles  is  the 
priDciftal  factor  in  vomiting.  Magendie  found  that  if  the  stomach  was  extir- 
pated and  a  bladder  containing  water  was  substititte<l  in  its  place  and  connected 
with  tlie  flps^iphagus,  injwlion  of  an  emetic  caun^l  a  typical  vomiting  movement 
with  ejection  of  the  contents  of  the  bladder.  Gianuzzi  showed,  on  the  other 
hand,  that  u[)on  a  curarized  animal  vomiting  could  not  be  pnxluced  by  an  emetic 
— because,  appiirenlly,  the  muscles  of  the  abdomen  were  paralyzed  by  the  curare. 
There  are  on  record,  however,  a  number  of  ol>servationa  which  tend  to  show  that 
the  stomach  is  not  entirely  passive  during  the  act.  On  the  contrary,  it  may 
exhibit  t^ntractions,  more  or  less  violent  in  character,  which  while  insufficient 
in  themselves  to  tject  its  contents,  probably  aid  in  a  normal  act  of  vomiting. 
According  to  Openchowski,'  the  pylorus  is  closed  an<l  the  pyloric  end  of  the 

Arfhirfur  dif  gwtmmie  Phymoloyit,  1874,  Bd.  viu.  8.  4^;  also  Bd.  Uiii.  8.  362. 
>  Ardiirfur  nynologie,  1889,  S.  &d2. 
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stoniacli  Hrijily  tNuitnu'tutl  ho  its  to  drive  tht;  cantenLs  toward  th<?  dilated 
cardiiic  jiortiotu  Tho  uct  of  vomiting  is  in  fact  a  eoniplex  reflex  luovoment 
iuto  wliirh  many  rimsries  cntor.  The  following  evonttj  are  doscribeil  :  Tlie 
vomiting  is  iLsually  prt;ce<Ied  by  a  senwitioii  of  nausea  and  a  reflex  flow  of 
saliva  intt>  the  moiitlu  Tliosc  phem^mena  arc  suoceetled  or  acconipatiied  Uy 
retching  niovenient^'^j  whiHi  consist  essentially  in  deep  spasmodic  inspirations 
with  a  c'h)sed  tjlottis.  Tho  fifuet  oC  tlicsc  niovtMuents  is  to  (r<}ni|>res6  dw 
stomach  l>y  tlic  descent  nf  tlie  dia|»lira^in,  and  at  the  siune  tiuie  to  inor«we 
decidedly  the  nejrutive  pres^nro  in  the  tfiorax,  and  therefore  in  the  thoracic 
portion  of  tlie  (i'sop]ia*;iis.  DnritiL'-  nnv  of  these  retehin^  iiiovonipnts  tli^ 
act  of  vomiting  is  etTl'cted  by  a  eonvulsive  eoniraetfon  of  tlic  nl^louiinal 
wall  that  exerts  a  siuhleu  acklitional  strong  pressnre  upon  the  i^totnaclL 
At  the  same  time  tho  eardine  otiHee  of  the  .stomiu'h  is  dihitod.  im^HIt 
by  an  iuhibiiion  of  tlie  s|>hiiieter,  aided  it  is  liupposetl  ]>v  tlio  oontrw- 
tion  of  the  longitndinal  nKisele-fibi*e»  of  the  opsophagus  an«l  the  ohliipir 
fibres  of  the  mnsenlar  eoat  of  the  stomach.  Tlie  stomach  contents  nre, 
therefore,  (breed  violently  out  of  the  stmnaeh  thrtfugh  the  <e9opha^n9, 
th<'  neg;itive  i)res?«nre  In  tin*  hitt<u"  pnibably  assisting  in  the  act.  The  «i9- 
sage  throngh  the  res<jph:ign.s  in  cffectc<l  mainly  by  the  force  of  the  coDtno- 
tiou  of  the  rdMhmiinal  iniiseles ;  there  is  no  evideiux^  of  atitiporistaltic  iw  •  - 
inenLs  on  llie  part  of  the  o'Hi[>hagus  itself.  Duiiug  the  tjeelion  of  the  eotih  i  - 
of  the  stomacli  the  glottis  is  kept  closed  by  the  a<lductor  muscles,  and  ueuallr 
the  mi.sal  eliamlHT  is  likewise  shut  otf  friHO  the  phnryiix  by  the  contraction  of 
the  ptMsterior  pillars  of  the  I'anr-es  no  the  palule  and  iivnla.  In  violent  vomit- 
ing, however,  the  vomited  material  may  break  through  this  latter  barrier  aud 
be  ejet^ted  partially  thrmigh  the  nose. 

Nervoim  JltjviiaHi^m  oj  I'umitiitff. — That  vomiting  is  a  reflex  act  i^  abun- 
dantly shown  by  the  frequency  with  which  it  i.s  prwluced  in  eun^^equence  of 
the  stimnlation  of  sensory  nerves  or  as  the  rcstdt  of  injnries  to  various  iiart>: 
of  the  central  nervous  system.  After  lesions  or  injnries  of  the  brain  voniitiiii: 
often  results.  Disagreeable  emotions  and  di^slnrbanees  of  the  sense  of  e<jin- 
librium  may  prodtiee  tfie  same  result.  Irritation  of  the  mucous  niembmno 
of  varions  parts  of  the  alimentary  eannl  fas,  for  exatnple,  tickling'  the  ba<-k 
of  the  pharynx  with  the  (iiiger),  disturbances  of  the  urogenital  apparatus, 
artificial  stitnutatit^n  of  tlic  trunk  of  the  vagus  and  t)f  other  sensnrv  nerves, 
may  all  cause  vomiting.  Under  ordinary  iYuulitions,  however,  irritation  of 
the  sensory  nerves  of  the  gastric  mueons  membrane  is  the  most  eonmioo 
cause  of  vomiting.  This  etfect  may  residt  from  the  products  of  fernientatioa 
in  the  stomadt  in  eases  of  indige-ition,  or  may  be  prfKlueed  intentioimllv  hv 
local  emetics,  such  as  mustanl^  taken  into  tlu:  stifmaeh.  The  aflferent  imtli 
in  this  case  is  thnnigh  the  sensijry  fibres  of  the  vagus.  The  efferent  path? 
of  the  reflex  are  found  in  the  motor  nerves  innervating  the  musii-lcs  eoo- 
cerntil  in  the  vomiting,  namely,  the  vagus,  the  phrenics,  and  the  spinal  nen'O 
supplying  the  alKlominal  muscles.  AVhether  or  not  there  is  a  definite  vomit- 
ing centre  in  which  the  afferent  impulses  are  received  and  through   which 


a  oo-orHinated  series  of  cffeivnt  imjmlBcs  is  Hcnt  out  to  the  various  muscles, 
lia*  iH>t  lK?en  Siitisfactorilv  (h-tcrrtiiiUMl.  Tt  Ii;ih  Ijeen  hIiowii  that  the  pt)rtion 
of  the  nervous  t^-steiu  through  which  the  refit^x  is  eflfeoteil  lies  in  the  me- 
dulla. But  it  has  l^oeu  fiointed  out  that  the  mu.s(*lei<  concerned  in  the  act 
■re  respiratory  miiwlcH.  Vomiting  in  fart  nmsists  e'ssriitiuUy  iu  a  siniul- 
taneous  spa-sniodif  ni»nfrartioii  oi'  expimtorv  (al»di>niiiml)  musck'.«  and  inspi- 
ratory muKcloi*  (di;i|ihri^ni).  It  has  therefore  bet'n  suggested  that  the  reflex 
taken  plaee  ihnm^li  the  n^pirafory  wntre,  or  snnie  |mrt  of  it.  Tills  view 
seems  to  l>e  oppos«l  by  iIil-  experiments  of  Thumas/  who  ha-s  shown  tliat 
when  tl»e  medulla  is  dividwl  dnwn  the  mid-line  rt^piratory  movements  aiu- 
tinue  as  usual,  but  vomiting  «iii  no  longer  l)e  pro<Iueed  hv  the  use  of  emetics. 
Thuma-s  elaims  to  have  IfMiitw]  a  V(miitiiig  ••entre  in  thn  iu«>diilla  in  (he  imme- 
diate neighlHjrlKMw]  of  tljc  wdamu;*  !*eripti>rius.  Further  cvideue«%  however, 
ifl  required  upon  thi^  pohit.  The  act  of  vomiting  may  be  produeed  not  only 
as  a  reflex  IVoui  various  sensory  nerves,  hut  may  also  U'  frausetl  by  direct 
aetiMU  u|K>n  ihe  medullary  eeutrt«.  The  action  uf  apomor])hia  is  moat  easily 
explained  by  sup}>osing  that  it  acta  directly  on  the  nerve-centres. 

Micturition. — The  urine  is  secreted  eontiiiiiouhly  bv  ilu^  kiduovs,  is  cair- 
rieil  lo  the  blatlder  through  the  iireters,  and  is  then  ai  itilervuLs  firmlly  ejected 
from  the  bladder  tliroagli  tlie  urethra  by  tlic  act  of  mit'turitioii. 

Movnnnttji  of  the  Ureters, — The  urcterpi  ]>ossess  a  mu^icular  coat  eonsisting  of 
an  internal  longitudinal  niid  external  eireidar  layer.  The  coninictions  of  this 
luuseular  coat  are  the  luiiins  by  whieli  iIjc  urine  is  driven  from  the  j)elvis  of  li»e 
kidney  into  the  bladtler.  The  movements  of  the  ureter  have  been  carefully 
studied  by  Eugelmann.'  Acconling  to  his  d^Mcription  tht»  musculature  of  the 
ureter  contracts  spontaneously  at  intervals  of  ten  lotwuruy  se«.'on4ls  (rabbit),  ihe 
oontractioD  hegiuuing  at  the  ki<lney  and  progressing  toward  the  bladder  in  the 
form  of  a  peri?*»ahie  wave  uivd  with  a  velofL'ity  of  about  twenty  to  thirty  milli- 
meters |ier  second.  The  i*e7,ult  uf  this  movement  -should  be  the  foK'ing  of  Uie 
untie  into  the  bludiler  in  a  scries  of  gentle  rhythmic  spirts^  ainl  this  method  of 
filling  the  bladder  has  liceu  observed  in  the  Immati  lieiug.  Suter  and  flayer* 
report  some  olwerviitious  U|x>u  a  boy  iu  whom  there  w:is  e<'topia  of  tin.'  bladder 
with  ex|K»surt?  of  the  oriHecsi  of  the  ureters.  The  tlow  into  the  hlailder  was 
intermtttent  and  was  alH)Ut  equal  xtyam  the  two  sides  for  the  time  the  child 
was  under  observation  (three  and  a  half  days). 

The  causation  of  the  e<)ntractions  of  the  ureter  musculature  is  not  easily 
exp1aiue<1.  Engelmann  tiuds  that  artificial  stimulation  of  the  ureter  or  of  a 
piece  of  the  ureter  may  i^tart  |>eristallie  w>ntractions  which  move  in  lx»th  diwH?- 
lioDs  from  the  jMjiiit  .'«hmulate<l.  He  was  not  able  to  tiud  ganglion-eel  Is  in  the 
opper  two-thirds  of  the  ureter,  and  was  led  to  believe,  therefore,  that  the  con- 
traction originates  iu  the  iuu?*cular  tissue  inde|>eudeutly  of  extrinsic  or  intrinsic 
n€r\'es,  and  that  the  cifutraction  wave  pro|>agates  itself  directly  from  rauscle- 

'  Virdund$  ArrJtir  Jib- pai^oto^i»chf  AnaUmie,  etc^  1891.  Bd.  123,  &  44. 

'  JfS^ii  Ankivfar  ditgemmmie  Phif»iohgie,  1869,  Bd.  ii.  S.  243;  Bd.  ir.  a  SX 

•  Arehhjttr  erper.  Puthntoffi^  und  Phtrmnkoiogie,  18»3,  Bd.  32,  &  241. 
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cell  to  muscle-cell,  the  entire  muwulature  behaving  as  though  it  were  a  .singlef 
ooloesiil  hollow  musole-fibre.  The  liberation  of  the  stimulus  which  inaugurates 
the  iiorniiil  pcri^itulsis  of  the  ureter  seenirt  to  be  connectc<l  with  the  aot'umulation 
of  urine  In  its  upjxjr  or  kiiJnev  [Rirtioii,  IL  may  Ik*  supposi-d  tlmt  the  urine 
that  collects  at  this  point  as  it  Howh  fi*om  the  kidney  stimulates  the  muscular 
tissue  to  contraction,  either  hy  its  pressure  or  in  w)rae  other  way,  and  tlnis  lea<ls 
to  an  onlurly  sequence  of  contmction  waves.  It  is  p<issible,  liowover,  tliat  the 
muscle  of  the  ureter^  like  that  of  die  heart,  is  spuntaneouHly  ountraetile  under 
normal  conditions,  and  does  not  depend  upm  the  stimulation  of  the  urine. 
ThuB,  aeconling  to  Eiigelniann,  section  of  tlie  ureter  near  the  kiduey  does  not 
niaterinlly  aflfW't  the  nature  of  the  cnntnu'tions  of  the  stump  attached  to  the 
kidney,  although  in  this  ease  the  j>ressure  of  tlie  urine  could  st^in-ely  act  as  a 
stimulus.  Moreover,  in  the  case  of  tlic  nit^  in  which  the  ureter  is  highly  con- 
tractilf,  the  tiilw^  may  Ix^  cut  into  sevcrad  picns  and  each  piece  will  continue  to 
exhibit  (H^riodic  [leristaltic  contractions.  It  docs  not  seem  possible  at  present 
to  decide  Ix-'tweeu  tha-^e  two  views  as  to  the  cause  <jf  the  contractions.  The 
nature  of  tlie  coulractionSj  their  mode  of  progression,  and  ihe  way  in  which 
they  force  the  urine  through  the  ureter  seem,  however,  to  be  clearly  established. 
Effoiis  to  show  a  regulatory  action  upon  tliese  movements  through  the  central 
nervous  system  have  so  far  given  only  negative  results. 

MovenmUs  of  ihe  Bladder. — The  bladder  contains  a  muscular  coat  of  plain 
musi^U!-tissue,  which,  acoonling  to  the  nsuid  desijription,  is  arranged  so  as  to 
make  an  external  longitudinal  coat  and  an  internal  circular  or  oblique  t^at. 
A  thin  longitudinal  layer  of  musele-tissue  lying  to  the  interior  of  the  circular 
coat  is  also  described.  The  scjtaration  l>ctween  the  longitudinal  and  circular 
layers  is  not  so  detiiiite  as  in  the  case  of  tlie  intestine  ;  they  seenu  in  fact,  to  form 
a  continuous  layer,  one  (>assiug  gradually  iuto  the  other  by  a  change  in  the 
direction  of  the  fibres.  At  the  cervix  the  circular  layer  is  strengthened,  and 
has  bci'u  HupptiHcd  to  act  as  a  sphincter  with  rcganl  to  tlu"  nrctliral  orific^' — the 
so-callfd  sphincter  vesicae  interuus.  Round  tlie  urethra  just  outside  the  blad- 
der is  a  circular  layer  of  striated  muscle  that  is  frequently  designated  as 
the  external  sphincter  or  sphinrlcr  urcthnc.  The  urine  brought  into  the 
bladder  accumnlates  within  its  cavity  to  a  certain  limit.  It  is  prevented  from 
escaping  through  the  urethra  at  first  by  the  mere  elasticity  of  the  parts  at  the 
urethral  orifice,  aided  perhaps  by  tonic  contraction  (tf  the  internnl  sphincter, 
although  this  function  of  the  circular  layer  is  disputed  by  some  observers. 
When  the  accumulation  bec^^iues  greater  the  external  sphiucler  Is  brought  into 
action.  If  the  desire  to  urinate  is  strong  theexternal  sphincter  seems  unduubt- 
edly  to  be  coutrollwl  by  voluntary  effort,  but  whether  or  not,  in  nifHierate  tilling 
of  the  bladder,  it  is  brought  into  play  by  an  involuntary  ix'flex  is  nut  definitely 
determined.  Back-flow  of  urine  from  the  bladder  into  the  ureters  is  eflectually 
preventer!  by  the  oblique  course  of  the  ureters  through  the  wall  of  the 
bladder.  Owing  to  this  circumstance  pressure  within  the  bladder  sitvcs  to  close 
the  mouths  of  the  ureters,  and  indeed  the  more  completely  the  higher  the  pres- 
sure.    At  some  point  in  the  filling  of  the  bladder  the  pressore  is  suiTicient  to 
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arotvw  a  ooiiHcioiw  nensation  of  fulncRH  and  a  tiesire  to  micturate.  Under  nop- 
raal  conditions  the  not  of  iniottiritioii  follows.  It  t-onsists  essentially  in  a  strong 
contraction  of  the  bladder  with  a  flimiittaneous  relaxation  of  the  external 
sphincter,  if  this  muscle  is  in  action,  the  effect  of  which  is  to  obliterate  more  or 
less  completely  the  cavity  of  the  bladder  and  drive  the  urine  out  through  the 
urethra. 

The  force  of  this  contraction  is  considerable^  as  is  evidenced  by  the  height 
to  which  the  urine  may  spirt  from  the  end  of  the  urethra.  Aon^rding  to 
M06S0  the  contraction  may  stip|H>rt,  in  the  d*jg,  a  cfdnmn  of  liquid  two  meters 
high.  The  contractions  of  the  bladder  may  be  and  usually  are  assisted  by 
contractions  of  the  walls  of  the  alxlomen,  especially  toward  the  end  of  the  act. 
As  in  defecation  and  vomitin|r,  t!ie  (contraction  of  the  abdominal  muscles,  when 
the  glottis  is  closed  so  as  ti>  keep  the  dia|>hragm  fixed,  serves  to  increase  the 
pressure  in  the  alKlomtnnl  and  pelvic  cavities,  and  is  thus  used  to  assist  in  or 
complete  the  emptying  of  the  blathler,  Tt  ts,  h<^wever,  not  an  essential  part  of 
the  act  of  micturition.  The  last  |Ktrtions  of  the  urine  escaping  into  tlie  urethra 
are  ejected,  in  the  male,  iu  spirts  produced  by  the  rliytlimic  contractions  of  the 
bulbo-cavernosus  muscle. 

C.iuisiderable  uncertainty  and  differeuce  of  opinion  exists  as  to  tlic  pliysio- 
logica!  mechanism  by  which  this  series  of  muscular  contractions,  and  e8{>ecially 
the  contractions  of  the  bladder  itself,  is  pnxluced.  Acconling  to  the  frecjueutly 
quoted  description  giv(  n  by  f Joltz  ^  the  scries  of  events  is  as  follows  :  The  dis- 
tention of  the  bludiler  by  the  urine  csiuses  finally  a  stimulation  of  the  s<.'Usory 
fibres  of  the  organ  and  pnxluces  a  reflex  contraction  of  the  bladder  musculature 
which  squeezes  some  urine  into  the  nrtihra.  The  first  drops,  however,  that 
enter  the  urethra  stinuilate  the  snnsnr\'  nerves  there  an<l  give  rise  to  a  eons^^ious 
desire  to  urinate.  If  no  obstacle  is  presentetl  the  bladder  then  empties  itself, 
aseisted  perhaps  by  the  (Hintrartions  of  the  alMlorniiial  muscles.  The  emptyiug 
of  the  bladder  may,  however,  be  prevcnteii,  if  desirable,  by  a  voluntary  con- 
traction of  the  sphincter  un'thne,  which  opfioses  the  effect  of  the  contraction  of 
the  bladder.  If  the  bladder  is  not  too  full  and  the  sphincter  is  kept  iu  action 
for  some  time,  the  contractions  of  the  bladder  may  cease  and  the  desire  to 
micturate  pass  off.  According  to  this  view  the  voluntary  control  of  the 
process  is  limited  to  the  action  of  the  external  sphincter  and  the  abdominal 
muscles;  tlie  contraction  of  the  bladder  itst^lf  is  purely  an  unconscious  reflex 
taking  place  through  a  lunilmr  centre. 

The  experiments  of  Goltz  and  others,  upon  dogs  in  which  the  spinal  oord 
was  severxnl  at  the  junction  v^^  the  lumbar  and  the  thoracic  n»gions,  indicate 
that  miclurition  is  essentially  a  reflex  act  with  its  centre  iu  the  lundiar  cord, 
although  the  same  observer  has  shown  that  in  dogs  whose  spinal  cord  has 
been  entirely  destroyed,  except  in  the  cervical  and  up|)er  thonicie  region,  the 
bla<idor  empties  itself  normally  without  the  aid  of  external  stimulation. 
Mosso  and  Pellacani' have  made  experiments  ujwn  women  which  seem  to 

'  Arcltxr  Jur  die  gratimtnte  Pht/tiuj/tH/ir,   1874,  Bd.  vui.  S.  478, 
'  Affhivc*  iWiVnrMi  <U  Biotojfitt  1882,  Come  i. 


i 


PB  A\  AMERICAX   TEXT-BOOK  OF  Pin\SIOL0QV. 

tfhou  that  tlie  bladder  may  be  emptied  by  a  direct  voluntan'  act.  In  these 
ex|M*rinient«  a  rath<rter  was  introduced  into  the  bladder  and  connected  with 
a  recording  apparatus  to  measure  the  volume  of  the  bladder.  It  was  found 
tliaty  in  some  e:i.seji  at  least,  the  woman  could  empty  the  bladder  at  will 
M'itliout  uding  tiic  abdominal  mascle^.  The  same  autliors  ailduce  ex|>en- 
mental  evidence  to  show  that  tlie  sensation  of  fulness  and  desire  to  mic- 
turate come  from  ^enj^c'r}*  stimulation  in  the  blatlder  itself  caused  by  the 
prcsBure  of  the  urine.  They  point  out  that  the  bladder  is  very  sensitive  to 
reflex  stimulaticm  ;  that  every  psychical  act  and  everi*  seusorv  8tiraulufi  is 
apt  to  cauM'  a  cf>niraction  or  increased  tone  of  the  bladder.  The  bladder  is, 
therefore,  subject  to  continual  changes  in  size  from  reflex  stimulation*  and 
tJie  prr*A«iin'  within  it  will  do|>end  not  .simply  on  the  quantity  of  urine,  but 
on  the  c<mdition  <»f  tone  of  the  bladder.  At  a  certain  pressure  the  i^en- 
Aort'  norvesii  are  stimu1ate<l  and  under  normal  conditions  micturition  ensues. 
We  may  understiuid,  from  this  jjoint  of  view,  how  it  liupjx'ns  that  we  have 
sometimes  a  fitron^  desire  to  micturate  when  the  l>la(hh'r  contiiins  but  little 
urine — for  example,  under  emotiimal  excitement.  In  such  cases  if  the  micturi- 
tion is  prevented,  probably  by  the  action  of  the  external  sphincter,  the  bladder 
may  8ul)sequeutly  relax  and  the  sensation  of  fulncKS  and  desire  to  micturate 
poas  away  until  iln^  urine  accumulute:^  iu  sufHcient  ipiuutity  or  the  pre^^sure  is 
agaiu  raised  by  some  circumstance  which  causes  a  i*eflcx  contraction  of  the 
bladder. 

NervouH  MecJuiiiurm. — Aoeordiug  t4)  a  reoent  pajjer  by  Laugley  and  Anderson/ 
the  bladder  in  cats,  dogs,  and  rabbits  receives  motor  fibres  from  two  sources;  (1) 
From  the  lunifxir  nerves,  tlie  fibres  passing  out  in  the  second  to  the  fifth  himUar 
iiervtw  and  reaching  llic  hladilcr  through  the  symi»athetic  chain  and  the  infe- 
rior mesenteric  ganglion  and  iiypogastric  nerves.  Stimulation  of  these  nerves 
causes  comparatively  ieelile  contraction  of  the  bladder.  (2)  From  the  sacral 
spinal  nerves,  the  fibres  originating  in  the  second  and  thirfl  sncral  spinal  nerves, 
or  in  the  rabbit  in  the  third  and  fourth,  and  being  Lxmtained  iu  the  so-called 
nervus  erigens,  Stimulation  of  tliese  nerves,  or  some  of  them,  causes  strong 
contractions  of  the  bladder,  sufficient  to  empty  its  contents.  Little  evidence 
was  oljlaini'd  of  the  presemv?  of  vaso-niotnr  fil)res.  Ai^^irding  to  Nawrocki 
and  Skabitschewsky'  the  spinal  sensory  fibres  to  the  bladder  are  found  in  part 
ill  tlie  iH»Hterior  roots  of  the  first,  second,  third,  and  iourth  sicral  r^pinal  nerves, 
pnrticularly  the  second  and  third.  When  lliesc  fibres  am  slinndatcvl  they  excite 
reflexly  the  motor  fibres  to  the  bladder  found  in  the  anterior  roots  of  the  second 
and  third  sacral  spinal  nerves.  Some  sensory  fibres  to  the  bladder  pass  by  way 
of  the  hypogastric  nerves.  When  these  are  stimulate*!  they  produce,  according 
to  these  authors,  a  refiex  efll'ct  uixm  the  motor  fibi*es  in  the  other  hy[)ogiL«tric 
nerve,  causing  a  contraction  of  the  bladder,  the  ivflex  ocein'riiig  through  the 
inferior  mesenteric  ganglion.  This  observation  has  been  confirmed  by  several 
authorities,  and  is  the  best  example  of  a  jKriplicral  ganglion  serving  as  a  reflex 

'  Jownnl  of  Phyfiolffyf  1895,  vol.  xix.  p.  71. 

'  Arehivjur  die  gcMmmU  litynologie,  1891,  hd.  49,  S.  141. 
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-centre.  Langley  and  Anderson,!  who  also  obtained  tbis  effect,  give  it  a  special 
explanation,  contending  that  it  is  not  a  true  reflex. 

The  immediate  spinal  centre  through  which  the  wntractions  of  the  bladder 
may  be  reflexly  stimulated  or  inhibited  lies,  according  to  the  experiments  of 
Goltz,  in  the  lumbar  portion  of  the  cord,  probably  between  the  second  and  fifth 
lumbar  spinal  nerves.  In  dogs  in  which  this  portion  of  the  cord  was  isolated 
by  a  cross  section  at  the  junction  of  the  thoracic  and  lumbar  regions,  micturi- 
tion still  ensued  when  the  bladder  was  sufficiently  full,  and  could  be  called 
forth  reflexly  by  sensory  stimuli,  especially  by  slight  irritation  of  the  anal 
ppgion.     This  localization  has  l>een  confirmcKl  by  others.' 

Movements  of  other  V'Mccral  Orr/ans, — For  the  characteristics  of  the  move- 
ments of  other  vist^era  reference  must  be  made  to  the  appropriate  sections. 
The  movements  of  the  arteries  are  described  under  C^ircujation,  those  of  the 
uterus  under  Reproduction. 

*  Journal  (^  Phy«ioloffy^  1894,  vol.  xvi.  p.  410;  see  also  JiwtAchenko:  Archivei  da  Science 
bvtioffiqwjf^  1898, 1.  6,  p.  r>36. 

'  See  Stewart :  Ameriean  Joumai  of  Phytiiology^  1899,  vol.  ii.  p.  182. 


Vll.  RESPIRATION 


A  STUDY  of  the  phenoraena  of  animal  life  teaches  ua  that  a  supply  of 
oxygen  and  an  elirainutioii  of  carbon  dioxide  are  essential  to  exiatent»e.  Oxy- 
gen is  in(lisj>ensable  to  life ;  carbon  dioxide  is  inimical  t4^>  life.  One  serves  for 
the  disintegration  of  complex  molecules  whereby  energy  is  evolved,  while  the 
other  is  one  of  the  minn  eflfete  products  of  this  dissociation.  We  therefore  find 
an  intimate  relationsliip  between  the  iuj;resa  of  the  one  and  tlie  egress  of  the 
other.  During  the  entire  life  of  the  individual  there  is  this  continual  inter- 
change, which  we  term  respiration.  This  term  embraces  two  acts  which,  while 
different,  are  neveitheless  co-openitrve — first,  the  interchange  of  O  and  CO^; 
second,  the  movements  nf  certain  parts  of  the  bfxly,  having  for  their  object  the 
inflow  and  outflow  of  air  to  and  from  the  hings.  The  former,  properly  8|>eak- 
ing,  is  rrMpirfilion  ;  the  latter,  movrmrntu  of  rrapiration. 

Respiration  \n  spoken  of  as  irt/enuil  an<l  as  external  respiration.  In  the 
very  lowest  forms  of  life  the  interchange  of  gases  takes  place  directly  l>etween 
the  various  parts  of  the  organism  and  the  air  or  tlic  water  in  which  the  organ- 
ism lives;  but  in  !»igher  Ix^ings  a  circulating  fluid  becomes  a  means  of 
exchange  between  the  iHxliJy  structures  and  the  surnmiiding  rneilinm,  so  that 
in  these  beings  there  is  first  an  inten-haitge  between  the  air  or  the  water  in 
which  the  animal  lives  and  the  eiirulating  medium,  an<l  suljsofjuently  an  inter- 
change between  the  circuljiting  mefllum  and  the  tissues.  Therefore  in  the  must 
primitive  forms  of  life  respinition  is  a  single  process,  while  in  higher  organ- 
isms it  is  a  dual  proce&s,  or  one  con.sisting  of  two  stages,  the  first  l)eing  the 
interchange  Iwtween  the  atmosphere  or  the  water  surnmnding  the  bxly  and 
the  circulating  inciliunj,  and  the  *ie?ct)nd  lietween  the  cir(»uhiling  niedinin  and 
the  bodily  structures.  In  man,  external  respiration  is  the  interchange  ticking 
place  between  the  blood  and  the  gases  in  the  lungs  and.  to  a  very  small 
extent,  lM?tweeu  the  blood  and  tlie  air  through  the  skin  ;  while  int4.*mal  res- 
piration is  the  interchange  Itctween  the  blo<Kl  and  the  tisetues.  In  external 
respiration  O  is  absorbed  and  (.X)^  is  given  ofl'  by  the  blood  ;  in  internal  res- 
piration the  blootl  absorbs  CX3,  and  gives  off  O. 


A.  The  RssPtBATORT  Mbcbakism  m  Man. 

ThB  respiratory  ap|)uratus  in  man  consists  (1)  of  the  lungs  and  the  air- 
pmages  leading  to  them,  the  thorax  and  the  muscular  mechaniBnis  by  means 
of  which  the  lungs  are  inflated  and  empti(*<l,  and  the  nervous  mechanisms  con- 
nected therewith  ;  and  (2)  the  skin,  which,  however,  plays  a  subsidiary  part  ia 
man,  an<I  need  not  here  \ye  considerwl. 
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The  lungs  may  be  regarded  ns  two  large  bags  broken  np  iuto  ^4lccula^ 
divisions  and  suhdivisions  which  nltimaloly  oi>n:?ist  of  a  vast  imnilKT  of  little 
pouches,  or  infundibiili,  each  of  which  is,  as  llie  name  implies,  fuonel-shaped, 
the  walls  l>eing  hol](Jwed  out  into  alveoHj  or  air-vesicles.  These  alveoli  vary 
in  size  from  \2{)ft  to  380 /j,  the  average  diameter  being  alwiut  250// (yj^  inch). 
Each  infontJibtiUim  rt>minnni«ites  by  means  of  a  small  air-|nssage  with  a 
limnchiolc,  which  in  turn  rommnnicaitcs  with  a  smaller  air-tul>e  or  bronchus, 
and  Hnally,  through  successive  unions^  with  the  common  air-diict  or  trachea. 
It  is  osfimatwi  tiiat  the  alvciili  number  about  725,00D,O00.  and  that  the  totil 
8U].Kirtieits  exposed  by  them  to  the  ga«?s  in  the  hnigs  is  al>ont  200  square 
meters,  or  from  one  hundrwl  to  one  hundred  and  thirty  times  greater  than 
the  surfif-e  tjf  the  Imtly  (1,5  to  2  scjuare  meters).  Tlie  wall  of  each  alveolus 
forms  a  delicate  jiartition  between  ilie  air  in  the  lungs  and  an  intricate  net- 
work of  hlood-v(isseIs ;  this  network  is  so  dense  that  the  spaces  between  the 
cai>illarics  are,  as  a  rule,  smaller  (liaii  the  diameters  of  the  vessels.  The 
lungs,  therefore,  are  exceedingly  vascuFar,  and  it  is  estimated  that  the  ves^sels 
contain  on  an  average  about  1,5  kilograms  of  bh>od.  Owing  to  the  minute- 
ness of  the  capillaries  ami  the  density  of  the  aetwork,  the  air-cells  may  be 
said  to  be  surrounded  by  a  film  of  blood  which  is  about  10//  in  thickness  and 
has  an  ai*ea  of  about  1  oO  sfptare  meters. 

The  kings  are  highly  elastic,  and  their  elasticity  is  perfect,  as  is  shown  by 
the  fliet  that  they  immediately  i*egain  their  j)assive  condition  as  soon  as  the 
dilating  or  distending  force  has  Iwen  i-emfn'ttb  Before  birth  the  hiugs  are  air- 
less {atelfctaiic)  and  the  walls  of  the  bnmchioles  and  the  iufun<lilHili  are  in 
contact,  yet  in  the  child  Wfore  bii*fh,  as  iti  the  adult,  the  Inngn  are  in  app4isi- 
tiou  with  the  thoracic  walls,  being  separatetl  only  by  two  layers  of  the  pleurae. 
As  soon  as  the  child  is  born  a  few  I'espiratory  movements  are  sufficient  to 
inflate  them,  and  thereafter  thev  never  rocpiln  their  atelectatic  condition,  since 
after  the  most  complete  collapse^  such  as  occurs  wheti  tlic  thorax  is  o|>eued, 
some  air  remains  in  the  alveoli,  ownng  to  the  fact  that  the  walls  of  the  bron- 
chioles come  together  before  all  of  the  air  can  escaj>e.  As  the  child  grows  the 
thorax  increast"^  in  size  more  nipidly  than  the  lungs,  and  becomes  too  large,  as 
it  were,  for  the  lungs,  which,  as  a  cons<?cp(enc<»,  become  jiermanently  distended 
because  of  their  being  in  an  air-tight  cavity.  If  the  chest  of  a  cadaver  be 
pun(*ture<l,  the  lungs  iinmrdiJitely  shrink  .so  that  a  considerable  air-s|Miee  will 
be  formed  between  them  and  llie  walls  of  the  thorax.  This  ndh!|jse  is  due  to 
the  condition  of  elastic  tension  which  exists  from  the  moment  air  is  intrwluced 
into  the  alveoli,  and  which  increases  with  tlie  degree  of  expansirin.  Therefore, 
after  the  hings  are  intlakil  they  exhibit  a  persistent  tendency  to  tHjllajxse ;  ctm- 
sequeutly  they  must  exercise  upon  the  thoracic  walla  and  diaphragm  a  constant 
traction  or  "  jnill  "  which  is  in  proportion  to  the  amount  of  tension.  It  is 
therefore  obvious  that  thci^'  must  exist  within  the  (liomx,  under  ordinary 
circumstances,  a  state  of  negat'we  pressure  (pressure  below  tJiat  of  the  atmo- 
sphere). This  can  be  proven  by  connecting  a  trocar  with  a  manometer  and 
then  forcing  the  trocar  into  one  of  the  pleural  sacs. 
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Doiiilers  foiuid  that  the  pressure  at  the  emi  of  quiet  expiration  was  —6  mil- 
limeters of  Hg,  and  at  the  oikI  of  (jiiiet  inspiration  —9  inillimetens.  Accord- 
ing to  these  figures,  iho  pixNsurc  on  the  heart,  great  lilood-vessels,  and  other 
thoraeic  structures  lying  between  the  lungs  ami  the  thoraeic  walls  would  be 
764  niillltnetei's  of  Hg  (one  atmosphere»  760  inillinieters,  —6  millimeters)  at 
the  end  of  quiet  expiration,  and  751  millimeters  of  Hg  at  the  end  of  quiet 
inspiration.  Corresponding  values  hy  Hutchinson  are  —3  millimeters  and 
—4.5  millimeters.  Arron  *  fouud  in  a  eiise  of  a  woman  with  emphysema  that 
the  pressure  at  the  end  of  expiration  ningetl  from  -1.9  to  —3.9  millimeters, 
and  at  the  end  of  inspinttiou  from  —4  to  — 6.8o  millimeters,  aeeonling  to  the 
position  of  the  Ixnly,  the  pressure  lx;ing  lowest  in  the  lying  jioeture,  higher 
when  sitting  in  hetl,  still  higlier  when  sitting  on  a  chair,  and  highest  when  sit- 
ting and  wiien  inspirtitiini  on  the  well  side  was  hinthretl,  thustlirowing  a  larger 
portion  of  the  work  on  the  diseased  side,  on  which  tlie  measurements  were 
made.  During  inspiration  negative  pn»ssiii"e  inoRM.«es  in  pro|>nrti<in  to  the 
depth  of  JUHpinition^-or,  in  other  wonls,  in  relutiou  to  the  aiimuiit  'if  expan- 
non  of  the  hings — while  during  expiration  it  gradually  falls  to  the  standar^l  at 
the  l}eginning  of  ins[ni'ation.  During  forctnl  inspiration  it  may  reaeh  -30  to 
—40  millimeters  or  more.  The  pressure  thus  oUserved  within  the  thorax  [oiU- 
siih  of  the  lungs)  \s  known  as  rntrnfhoraeic  pressure,  and  must  not  be  con- 
foundoil  with  intrapuliiwnary  or  reHpiraiory  pressure,  whieh  exists  within  the 
lungs  and  tlie  respiratory  passages  (see  p.  408). 

The  thonix  is  c:i[iable  of  enlargement  in  all  direetions.  It  is  cone-shaped, 
the  top  of  the  cr)ne  lacing  closed  in  hy  die  structures  of  the  ucck  ;  the  sides, 
by  the  vertebral  column,  ribs,  coital  cartilages,  aternmn,  and  interct)stal  shet»ts 
of  muscular  and  other  tissues;  and  the  btttora,  by  tlie  archwl  diapliragtn.  It 
is  obvious  that,  since  the  thorax  is  an  air-tight  cavity  and  completely  filled 
by  various  stniclnres,  enlargement  in  any  4lirf*c(ion  miist<'auBe  n  diminution  of 
pressure  within  the  lungs,  while  a  t^hrinkage  wotdd  operate  to  bring  about  aa 
opposite  Condition  of  intTeastnl  pr&asure.  Since  the  trachea  is  the  only  means  of 
communication  l>etwo*Mi  the  lungs  and  the  alrufwphere,  it  is  evident  that  such 
alterations  in  pressure  must  en^'ounige  eitlier  the  inflow  or  the  outflow  of  air,  as 
the  case  may  be;  consecjuently,  when  tlie  thoraeic  cjivity  is  exjKinded  the  pres- 
sure within  the  lungs  is  h^s  than  that  of  the  almosphens  and  air  is  forced  into 
the  lungs;  an<l  when  the  th<»rax  is  decreased  in  size  the  reverse  of  the  al>ove 
pressure  relation  exists,  and  the  air  is  expelled.  Id  fact,  the  thorax  and  tlie 
lungs  behave  as  a  pair  of  bellows — jast  as  air  is  drawn  into  the  ex|)anditig 
l)ellow8,  so  is  air  drawn  into  the  lungs  by  the  enlargement  of  the  thorax ; 
similarly,  as  the  air  is  foroeii  from  the  bellows  by  compression,  so  is  air 
forceil  from  the  luugs  by  the  shrinkage  of  the  lungs  and  the  thorax. 

During  the  ex(Kinsion  of  the  thorax  the  lungs  are  entirely  passive,  an<l  by 
virtue  of  their  perfect  elasticity  merely  follow  the  thoracic  walls,  from  which 
they  are  sefmrated  only  by  the  two  layers  of  the  pleura,  whicJi,  Lteing  moist- 
ened with  lymph,  slide  over  each  other  without  appreciable  friction.  That 
>  FireAow'j  Amhit,  1891,  Hd.  12(!,  S.  523. 
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the  lungs  are  entirely  passive  is  shown  by  the  facfc  that  when  the  thorax  is 
punctured,  so  as  to  allow  a  free  conimiinication  with  the  atmtisphere,  expan- 
sion of  tl»e  cliest  ii*  no  longer  followwl  Uy  Jilatatiou  of  the  lungs.  During  the 
shrinkage  of  the  thorax  the  elastic  reaction  of  the  lungs  plays  an  active  part. 

Reepiration,  Inspiration,  and  Expiration. — Ea<*h  respiration  or  respiratory 
act  consistis  of  an  inspiration  (eulargcnient  of  the  thorax  and  inflation  of  tlie 
lungs)  and  an  expiration  (shrinkage  of  the  thorax  and  the  lungs).  Accord- 
ing to  some  observers,  a  pause  exists  after  expiration  (explraiory  jyause)^  but 
during  quiet  brcatiiing  no  such  interval  can  Iw*  detected.  A  paupe  may  be 
present  when  the  respirations  are  deep  and  infrequent.  Under  certain  abnor- 
mal circumstances  a  pause  may  exist  between  inspiration  and  expiration 
{iwipiraiory  pmise). 

Inspiration  is  accomplished  by  the  ctjntraction  of  cvrtain  muscles  which  Jire 
designated  inspiratory  muacks.  Expiration  during  quiet  breathing  is  essen- 
tially a  passive  act,  but  during  forced  breathing  various  muscles  are  active; 
these  muscles  are  iliatinguished  as  cxpiraforif  mimc/r^. 

During  inspiration  the  thorax  is  enlarged  in  the  vei*tica],  transverse,  and 
antero-poeterior  diameters.  During  quiet  breathing  the  vertical  diameter  is 
increase<l  by  the  descent  of  tlie  diaphragm^  and  during  deep  inspiration  it  is 
further  increased  by  the  backward  and  slightly  dt»wnward  movement  of  the 
floating  ribs,  and  by  the  extension  of  the  vertebral  column,  which  raises  the 
sternum  wilh  its  costal  cartilages  and  ribs.  The  transverse  diameter  is  in- 
creased by  the  elavation  and  evcrsion  (rotation  outward  and  upwaixl)  of  the 
ribs.  The  antero-posterior  diameter  is  increased  by  the  upward  and  outward 
movement  of  the  sternum,  costal  cartilages,  and  ribs.  During  quiet  inspiration 
in  men  (he  sternum  is  not  raised  to  a  higher  level,  but  tlie  lower  end  is  rotated 
forward  :ind  upward.  It  is  imlv  iluring  th'cp  iTis|iinitton  in  men  and  in  ipiiet 
or  deep  inspinition  In  women  that  the  sternum  :is  a  whole  in  elevated. 

The  movements  of  the  anterior  and  lateral  walls  constitute  co*fa^  respira- 
tion, and  tJKfc^  of  the  diaphragm  diaphragmatic  or,  as  it  i.s  sometimes  called, 
abdominal  i-esjiimtion,  since  the  descent  of  the  diiiplimgm  causes  protrusion 
of  the  abdominal  walls.  Both  tyjies  coexist  during  ordinary  re.«ipiratoiy  move- 
ments, but  one  may  l>e  more  prominent  than  the  other.  The  costal  type  is  well 
marked  in  women,  and  the  diaphragmatic  type  in  men.  These  peculiarities 
arc  mil,  howt^'cr,  due  to  inhcriMit  m'XUu!  dtil'LTcnnvs,  but  to  dress.  Young 
children  of  bath  sexes  exhibit,  as  u  rule,  the  diaphragmatic  type,  and  it  is 
only  later,  and  owing  to  constricting  dress,  that  tiie  costal  type  is  developed 
in  the  fetnah!. 

The  chief  muscles  of  inspiration  are  the  d'mphragmj  tiie  qxtadrati  lumbontmy 
the  serrati  postici  inJerioreM,  the  nadcni,  the  nerraii  poatici  svj>eriore«j  the  feva* 
torett  cotifartirn  longi  ct  /»rcrc.s,  and  the  inifrcoitttiieJi  ejdrmi  et  intercariilaginei, 

Movemente  of  the  Diaphragrm. — The  diaphragm  is  attached  by  its  two 
crura  to  tlie  first  three  or  four  lumbar  vertebrw,  to  the  lower  six  or  seven  cos- 
tal cartilages  and  adjoining  parts  of  the  corresponding  ribs,  and  to  the  poste- 
rior surface  of  the  ensiform  appendix.     It  projects  into  the  thoracic  cavity  in 
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the  fomi  of  a  flattened  dome,  tlie  lii^hest  part  being  formed  by  the  central 
tendon.  The  tendon  ^-onftists  of  three  lobes  which  nre  partially  separnted  hy 
deprest^ioiit^.  The  r(|;ht  lobe,  or  largest,  is  tho  highest  portion  and  lies  over 
tl>e  liver;  tJie  lefl  tobe,  whioli  is  the  smallest,  lies  over  the  stomach  and  die 
s»pleen;  while  the  central  lobe  i.s  situated  anteriorly,  the  upjx'r  surface  blending 
with  the  jxiricardium.  The  ceatral  tendon  is  a  common  point  of  insertion 
of  all  the  muscular  fibres  of  the  diaphragm.  In  the  passive  condition  the 
lower  portions  of  the  dii)]>hragm  are  in  apposition  to  the  thoracic  walls. 
During  contraction  the  whole  dome  is  drawn  (lownward,  while  the  jMirts  of 
the  muscle  in  tx)ntact  with  the  che?it  are  pulled  inward.  Acctiitling  U)  Ilult- 
kranx,  the  cardiac  pait  of  the  diaphragm  descendH  from  5.5  to  11.5  millimetere 
during  quiet  inapinition,  and  as  mu<'h  »ts  42  millimeters  during  dix^p  inspira- 
tion. Not  only  is  tlur  height  of  the  ai*ch  lessened,  but  there  is  v\^o  a  ttjulencv, 
owing  to  the  {)oints  of  attachment  of  the  diaphragm,  toward  the  pulling  of  the 
lower  rilw  with  their  costal  cartilages  and  the  lowrr  end  nf  the  sternum  inward 
and  upwanl ;  tliin  traction,  however,  is  ixMinlerbuIaiiLtHl  by  the  pi-essure  of  the 
alidominal  viscera,  the  latter  being  forced  downward  and  oulwartl  against  tlie 
ihoracic  and  alnJominal  walls.  If  tliis  counterbalancing  prcswure  be  removed 
by  freely  ojx-ning  the  alMlimiiual  cavity,  »^|x?cially  after  removing  the  viscera, 
tlie  lower  lateral  |H»rtion?-  of  Ur'  thorax  will  Ix;  ^ie^'n  during  each  inspiration  to 
be  drawn  inwaid.  It  is  during  labored  inspiration  only  that  this  movement 
occurs  in  the  intact  individual. 

M' hen  t!ie  diaphragm  ceases  to  contract,  the  elastic  recoil  of  the  di.stouded 
lungs  is  sufficient  to  draw  the  sunken  dome  upward  into  the  passive  ]N»sititm, 
This  upward  movement  of  the  diaphragm  is  aided  by  the  jMwitive  intm- 
abdonniiul  pressure  cxcrtcil  by  the  cIiLstic  tension  of  the  abdominal  walls 
through  the  medium  of  the  abdominal  viscera.  In  fonvd  expiration  the 
contraction  of  the  alKJoniinal   muscles  (p.  407)  add:?  additional   force, 

The  (ptadrati  iHinbonmi  are  believed  to  assist  the  diaphragm  by  fixing  the 
twelfth  ribs,  or  even  lowering  and  dniwing  them  biu-kwanl  durlngdeep  inspira- 
tion. Kachofthe.se  muscles  arises  froiu  the  ilio-lombar  liiranicnt  and  tlw  iliac 
crest,  and  is  inserte<.l  into  the  transverse  pnx'csses  of  the  (irst,  second,  third,  and 
fourth  lnml>nr  vertcbne  and  the  lower  l>orih»r  nf  one-half  of  the  length  of  the 
last  rib.   Thi»se  musck's  are  reganlctl  by  some  physiologists  as  expiraton*  agents. 

The  Hervaii  poMifi  infrrior*it  similarly  assist  the  diaphragm  by  drawing  the 

lower  four  ribs  backward,  an<l  in  drep  inspinitiou  nlso  downward.     They  not 

only  thus  oppose  the   tendency  of  the  diaphnigm  to  pull  the  lower  ribs 

upwanl  and   forwanl,  which  wotdd  lessen  its  efllVM'tiveness  in  enlarging  the 

vertn^l  diameter  of  the  thorax,  but  they  contribute  to  this  enlargement  by 

^  their  backward  and  downwarti  traction  upon  the  ribs  and  the  attache)  j»or- 

tions  of  the  diapliragm.     These  muscles  pass  fn>m  the  spines  of  the  eleventh 

and  twelfth  dorsal  and  first  two  or  three  lumbar  vertebne  and  the  supntspi- 

noiis  ligament  to  the  lower  borders  of  the  ninth,  tenth,  eleventh,  and  twelfth 

ft    ribs,  beyond  their  angles. 

I       Simultaneously  with  the  contraction  of  the  diaphragm  the  thoracic  walls 
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are  drawn  upward  and  outward  by  the  contractioos  of  other  inspiratory  mus- 
cles, thus  enlarging  the  tluirax  in  the  antcro-posterior  and  lateral  diameters. 

Movements  of  the  Bibs. — The  movements  of  the  ribs  diinng  inspiratian 
are,  as  a  whoh*,  easc'titiully  rotations  upward  and  outward  U|x>n  axes  which  are 
directed  obliquely  outward  and  liat^kwan!,  each  axis  being  directed  through 
the  oosto- vertebra  I  artioulatiou  and  a  little  auteriur  Lu  tlie  costo-trauaverse 
articulation.  The  vertebral  cuds  of  the  ribs  lie  higher  thau  their  sternal 
extremities,  so  that  when  the  ribs  are  elevated  the  anterior  ends  are  advanced 
forward  and  upward.  Tlie  arches  of  the  ribs  m\^  inerliued  <lownwapd  and 
outward,  and,  owing  lo  tlje  obliquity  of  the  axes  of  rotation,  the  convexities 
are  rotated  upwanl  and  outwanl,  or  everted.  Thus  both  the  antero-posterior 
and  lateral  diameters  are  increased. 

The  degree  of  obliquity  of  the  axes  of  rotation  of  the  different  ribe  varies. 
The  axis  of  the  first  rib  is  alriiof^t  tnintsvcrsc  (Fig,  OlM,  whiU?  that  of  each 
succeeding  rib  to  tlie  iiiiitli,  inclusive,  becomes  more  oblique  (Fig.  70).     The 
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Fio.  6tf.— Ftnt  donal  vertebra  and  rib. 


Pio.  70.-^zth  donal  vertebra  and  rib. 


more  oblique  the  axis,  the  greater  the  degree  of  eversion;  consequently  the 
first  rib  is  ctipabh*  of  but  sliglit  eversion,  while  the  lower  ribs  may  be  everted 
to  a  mlativL-ly  marked  extent.  Moi'eover,  the  |xH_'ultanties  or  the  absence  of 
tlie  costo-tran^verse  articulations  materially  affect  the  character  of  the  move- 
ments of  the  different  rilvs.  Thus,  the  inivtfi  on  the  transverse  proct^sses  of  the 
first  and  se^-oiid  dorsal  vertebra?  are  cnp-.shap«],  and  into  them  are  inserted 
the  co»i<'al  tul)erosities  of  the  ril)f*,  thus  materially  limiting  the  rotation  of  the 
ribs;  while  the  facets  for  the  articulations  of  the  third  ti^  the  tenth  ribs,  inclu- 
sive, assume  a  plane  character  whic^h  admits  of  larger  movement.  The  facets 
for  the  third  t*)  the  fifth  ribs  are  almost  vertiuil,  thus  allowing  a  free  move- 
ment upon  the  oblique  axis ;  while  the  facets  for  the  sixth  to  the  ninth  ribs, 
inclusive,  are  directed  obliquely  upwanl  and  backward,  and  admit  of  a  move- 
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ment  upward  mid  backward  as  well  as  a  rotatiou  upun  the  oblique  axis. 
Finally,  tbe  elevontli  and  twelfth  ril^s  (and  genendiy  the  tenth)  have  no  a«to- 
transverse  artioiilutions,  allowing  a  movement  backwaixJ  and  forwartl  as  well 
as  rotatiou  \\\v.m\  their  oblique  axes.  While,  therefore,  the  niovemouts  of  the 
ribs  are  essentially  rotations  upwardj  forwani,  and  ontward  n|>on  ohliqiic  axes 
directed  thnnip;h  the  costtHverleljiid  artieulatious  and  a  little  anterior  to  the 
coeto-transverse  artiiidation,  they  are  more  or  less  modifietl  by  reason  of  the 
motion  permitted  by  the  nature  or  the  absence  of  the  cosU>-tnin8verse  arlicn- 
lations.  Thus,  the  cssoiitial  pharactcr  of  the  movement  of  the  first  to  the 
fifth  ribs  is  a  rotatitm  upward,  forward,  and  outward  ;  that  of  the  sixtli  to 
the  ninth  ribs,  a  rotation  upward,  lorwanl,  and  outwarti  combined  with  a 
movement  npwanl  and  bjukward  ;  that  of  the  tenth  and  eleventh  ril>H,  a 
rotation  upward,  forward^  aM<l  outward  with  a  rotation  backward;  that  of 
the  twelfth  rib,  cliieflv  a  rotation  backward  and  rather  downward.  The 
character  of  the  movemint  of  each  rib  differs  somewhat  as  we  pass  frotn 
the  first  to  the  twelfth  rilw. 

During  f(»roed  inspiration  the  sternum  and  its  attached  costal  cartilages 
with  tlioir  ribs  are  pullcil  upward  and  outwai*d,  while  i\w  ninth,  tenth, 
eleventh,  and  twelfth  rilw  arc  drawn  hackwani  and  downward.  During 
expiration  these  movemt-nLs  are  of  course  reversed. 

The  intercot^tal  spaces  during  inspiration,  except  the  first  two,  are  widomtlJ 
The  rea.s<:)n  for  this  opening  out  must  l>e  apparent  when  we  rememlxT  tliat 
the  ribs  are  arnmgetl  in  the  fivrtu  of  a  series  of  psirallel  curve*!  bnt«  directwl 
obliquely  downward,  and  the  fact  may  be  demonstratetl  by  means  of  a  very  sim- 
ple miMlcl  (Fig.  "1 )  cotwisting  4if  a  vertical  supjK>rt  and  two  jwrallel  bars,  a,  6, 
placed  obliquely.  If,  aft*^r  meaHuring  the  distance  c,  rf,  we 
raise  the  bars  to  a  ]iori/>ontjil  position,  the  distance  e,f  will 
be  f4)und  to  be  greater  than  c,  d^  since  the  Imrs  rotate  around 
fixed  iMiints  phuH.tl  in  the  smne  vertical  line.  This  widening 
of  the  intercostal  s|mces  is  readily  accompli^hetl  because  of 
the  elasticity  of  the  costal  ciu-tihigC!*. 

The  muscles  which  may  be  involvcti  in  the  movementa 
of  the  ribs  during  quiet  iiir-piration  inc]ud<»  the  tivaintiy  the 
Mrrrtiti  poHtici  »uj)criorfA^  the  icvnto/rji  *vj.**//;ruw  longi  ct  6mY«, 
iuid  the  iniercoitiftifM  cxirrni  ti  intercttrtihrnnei. 

Ihe  Acnieni  are  active  m  fixing  the  hrst  and  seoond  ribs,  luitnite  the  widening 
thus  establishing,  as  it  were,  a  firm  basis  from  which  the  "^«^*^*n'««»»*»M«Ma 
external  intercostal  muscles  mav  act.  The  scalenus  anticns 
passes  l>etwecu  the  tub^Tclesof  the  transverse  processes  of  the  third,  fourth, 
fifti),  and  sixth  cervical  vertebrae  to  the  scalene  tubercle  on  the  first  rib. 
The  sddcnus  mcdins  passes  from  the  |T<*sterior  tuljercles  of  the  transverse 
procehses  o£  the  K>wer  six  <wrviml  vertcbrro  to  the  upper  surface  of  the 
first  rib,  extending  from  the  tubercle  to  just  behind  the  groove  for  Ihe 
subclavian  artoiy.     The   scalenus   posticus  passes   from   the  transverse  pro- 

'  Ebner:  Ar^it/ur  AnatomU  und  Phyriotoffif,  Anntomische  Abtheilung,  18*6,  S.  1J>9, 
Vot-  I.— 1« 


L 


402 


^.V"  -A 


N^TXT'BOOJt 


of  the  two  or  tliree  lower  cervical  vertebrse  to  tbe  outer  surface  of  the 
Bocund  rib. 

The  sa'rati  poatici  superiores  aid  in  fixing  the  second  riljti  and  raise  tlie  third, 
fourth,  and  fifth  ribs.  The  niuscles  |)ass  from  the  ligamentura  uuchte  and  the 
spines  of  the  seventh  cervical  anil  first  two  or  three  dursai  vertebrse  to  the  upper 
boitlera  of  the  second,  thinl,  I'ourth,  und  fitlh  rilts,  beyond  their  angles. 

The  hvaior&i  cotiUvum  byeff:s  consist  of  twelve  pail's  whlcli  puss  from  the 
tips  of  tbe  transverse  prooessesof  the  seventli  eervical  and  first  to  the  eleventh 
dorsal  vertt'bnc  downwanl  ami  outward,  ea«.'h  being  inscrtetl  between  the 
tubercle  and  the  angle  of  the  next  rib  below.  Those  arising  from  the  lower 
ribs  send  fibres  to  the  second  vertebra  below  {leoatores  cotitarum  lotiffiores). 
They  assist  in  (he  elevation  and  evursion  of  tlio  Hn-st  to  tiie  tenth  ribs,  inclusive, 
ami  co-<)])erate  with  thr  qtiadrati  luinbonuu  ami  i\u*  serruti  puj^ti^ji  inferiores 
to  dniw  the  lower  ribs  backwanl. 

The  f mictions  of  the  iutn'coshife^  have  Wen  a  matter  of  dispute  for  centu- 
ries, and  the  problem  is  still  unsettled.  Por  iiisUniee,  Galen  looked  upon  the 
external  latercostals  as  being  expiratoiy.  Vesalius  asserted  that  both  tbe 
external  and  tlie  internal  iiitercostals  are  expinUorv,  wliilo  Ilaller  expi*essed 
the  opposite  belief.  Haniber^er  and  liuteliinson  regarded  the  external  inter- 
coetals  and  the  inteivhondrals  m^  being  inspiratory,  and  tlie  interosseous  portion 
of  the  internal  iutcrcostals  as  being  expiratory.  Finally,  Landois  believes  that 
while  tlie  external  interr-ostals  and  the  interehondrals  are  active  during  inspira- 
tion, and  the  interasscfuis  j>orti<tn  of  the  internal  int{'reostals  during  explmtion, 
their  chief  aelions  are  not  to  enlarge  nor  to  diminish  the  volume  of  the  thoracic 
cavity,  but  to  maintain  a  proper  degree  of  tension  of  the  iutercestal  spaces. 
Each  view  slill  has  its  adlien-nts. 

The  actions  of  the  intercostal  nmscles  are  geueniUy  demonstrated  by  means 
of  itxls  and  elastic  bands  arrangefl  in  imitatitm  of  the  ribs  and  the  origins  ami 
insertions  of  the  niu?cles,  or  by  geometric  diagnima.  The  well-knuwn  model 
of  liernuuilli  consists  of  a  vertieal  bar  ropivsenting  the  vertebral  column,  upon 
wliieJi  bar  move  two  |>arallol  straight  rtMls  in  imitation  iif  the  ribs  (Fig.  72). 
If  the  nxls  l>e  placed  at  an  oblique  angle  and  a  tense  rubl)er  banil  (a,  6)  be 
affixed  to  represent  the  relations  of  the  external  inteiTiwtals,  the  nnh  will  be 
pulled  upward  and  tlu'  spa**!*  iH'twei'n  tluMii  will  l>e  widened.  The  interelion- 
dral  pnrtnin  tif  tho  internal  int<'n*ostals  Wars  the  same  ohliijne  relation  to  the 
costal  airtilages,  and  the<^retiintlly  slionld  have  the  wime  aetion.  The  action 
of  the  intera'wt'ous  portion  of  the  internal  intereostals  is  demonstrated  in  this 
wav:  If  the*  rubber  bainl  be  placed  at  right  angles  to  the  rods  (Fig.  73,  a,  b) 
and  the  rods  be  raised  to  a  horizontal  position,  the  nibWr  is  put  on  the  stretch 
(o,  d),  80  that  when  the  rods  are  released  they  will  i>e  pulled  downward  by  the 
elastic  reaction  of  the  rubWr.  This  last  demonstration  has  been  held  to  indi- 
cate that  during  inspiration  the  interosseous  portion  of  the  internal  intereostals 
is  put  on  the  stretch  and  in  an  oblique  position,  and  tlierefore  in  a  relation 
favorable  for  effective  action  during  contraction.  Tho  ril>s,  h<»weverj  differ 
easeutially  from  such  a  model  in  the  fact  that  they  ai'e  curved  bars,  that  their 


n 


RESPIRA  riOX. 

not  free,  and  that  the  njovement  of  rotation  is  materially  diflerent 
In  fact,  the  mei^hauicnl  conditions  nre  .so  complex  that  deductions  from  phe- 
Domena  obeerval  in  such  ^n*sH  demonstrations  or  by  mwms  of  gctnueLric  figures 
such  as  suggPHtal  by  R(K3eulhal  and  others  must  be  acceptetl  with  caution. 

There  is  no  doubi  that  stinmlation  of  any  of  the  intercostal  fibres  causes 
an  elevation  of  the  rib  below  if  the  rib  above  i>e  fixed,  and  that  if  the  excita- 
tion lie  sufficiently  Htroiig  and  the  uru  be  larj^',  the  efTect  may  extend  from  rib 
to  rib,  and  thus  a  large  j>art  of  the  thoracic  cage  will  be  elevated.  Conse- 
quently, it  has  been  assumetl  lhaf»  .shr>ul4l  the  iip|wr  ribs  be  ttxe<i,  the  contnio- 
tions  of  lK)lh  .sets  of  interca-^tals  would  eleviite  tlie  f^ystetn  of  ribs  Iwlow.  Hut 
the  ex|>eriments  of  Martin  and  llurtwell '  show  (hat  durinij  forced  inspiration 
the  internal  intercostals  contract  alternately  with  the  diaphragm  and  the  exter- 
nal intercostals,  and  therefore  are  expiratory.  Moreover,  P^bncr^  has  found, 
as  a  result  of  elaborate  measureraenl^ij  that  the  intercostal  spaces,  excepting  the 
first  two,  are,  instead  of  l>eing  narrowetl,  actually  widened  during  iaspiratioQ. 


ria.  TX— Model  to  lUiutrmt«  Cbe  icdoD  of  the 
flXteniAl  Intercoeub  and  InterchondraU. 


Fiu.  73.— Model  to  lUiutmte  Uie  action  of  the  Inlei^ 
osMouf  ponlon  or  the  Internal  Iniercoatalt. 


/\n  examination  nf  the  origins  and  insertions  of  the  external  intercostals  and 
the  intenwseous  pt>rtion  of  the  internal  iiitenx>itids,  and  of  their  actions  during 
oODtractiou,  renders  it  apparent  tliat  it  is  ]>06sible  for  the  exterui  to  elevate  the 
ribs  and  to  widen  the  intercostal  simces,  but  that  such  eflects  are  impt^'^sible  in 
the  case  of  the  interosseous  portion  of  the  internal  interoostals.  Thus,  if  we 
take  the  niuh'l  dtwril>wi  above  (Fig.  72),  prtyect  a  line  a,  6  in  imitation  of 
the  relation  of  the  external  interoostals  to  the  rilws,  and  raise  the  {mmllel  bars 
to  a  horizontal  pi>sition,  the  distance  between  c,  <l  is  shorter  than  that  l>etween 
a,  b.  It  is  but  a  logic:d  step  from  this  denionstnition  to  assume  that,  should  a 
strip  of  muscle  be  placed  between  a,  6,  the  muscle  in  shortening  would  pull  the 
bars  upward,  at  the  same  time  widening  the  intercostal  space;*.  If  now  tlie 
upper  ribs  be  fixed,  it  is  obvious  that  the  external  intercostals  must  raist?  the 
ribe  and  o))en  up  the  intercostal  spaces  during  contraction.  This  same  reason- 
ing applies  to  the  interchondrais,  and  the  exi)eriments  of  Hough  *  show  that 
they  contract  synchronously  with  the  diaphragm,  and  therefore  with  the  exter- 
nal intercoRtats. 

*  J<mmtd  of  Phynioiogy,  1879-80,  rol.  2,  p.  24.  *  Loe.  e*L 

'Slmdiei  from  thr  liuttoffical  Laboratory,  Jokm  Svpkrm  UniwertUyt  M&rch,  1894. 
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In  considering  the  interosseous  jKirtion  of  the  internal  intercnstals  we  find 
that  during  the  passive  coudition  they  are  placed  nearly  at  right  angles  to  the 
rihs.  If  eoiitraction  takes  place^  it  is  obvious  that  the  mechanical  response 
must  be  an  approjciniation  of  the  ribs  and  a  lessening  of  the  width  of  the  inter- 
oietal  8(iaces.  It  must  also  be  apparent  that  during  the  movement  of  inspira- 
tion these  fibres  are  put  on  the  stretchj  which  can  be  demonstrated  in  the  alx>ve 
model.  Thus,  if  we  put  a  rubber  band  at  right  angles  to  the  piii-ailel  rods 
(Fig.  73),  we  will  find  that  when  the  rwls  are  in  the  Iinnzontnl  j>osition,  in 
imitation  of  the  position  of  the  ribs  at  the  beginning  of  expiration,  the  distance 
between  c,  d  is  greater  than  that  between  fr,  b  ;  therefore  if  we  lessen  the  dis- 
tance l)€tweeu  €',  dj  as  wiien  the  nHi.scIe-til>rcs  contrat-t,  the  mechanital  result  of 
contraction  must  be  approximation,  the  opposite  to  that  which  ocrcurs  during 
inspiration. 

While  the  whole  subject  of  the  actions  of  the  intercostal  muscles  must  still 
be  rcgaixled  as  in  an  unsettled  conditioOj  yet  there  is  no  i-easonable  doubt  that 
the  externi  and  the  intercartilaginei  contract  during  inspirationj  and  (he  inter- 
osseous portion  of  the  internal  intercoetals  during  expiration.  Admitting  this 
to  be  tnipj  it  is,  however^  by  no  means  clear  whether  or  not  these  muscles  are 
for  tlie  purfK>se  of  altering  the  volume  of  the  thorax.  It  is  probable,  a.H  sug- 
gested by  Landois^  that  their  chief  function  is  to  maintain^  during  all  phases 
of  the  respiratory  movonients^  a  proper  degree  of  ren?iion  of  the  interttoslal 
tissues.  If  this  view  be  correct,  tlie  external  iulercoytals  and  intcrchondnils  con- 
tract during  inspiration  chiefly  for  the  pur|H>se  of  causing  gi-eater  tension  of 
the  intercostal  tissues,  so  as  to  (xiuntoract  the  inMuen(*e  of  the  increase  of 
negative  intrathoracic  pressure;  while  during  expiration,  when  their  relax- 
ation occurs,  a  substitution  for  this  relaxation  is  provided  by  the  contraction 
of  the  interosseous  portion  of  the  internal  intercostals,  so  that  the  tension  of 
the  intercostal  tissues  is  maintained.  The  internal  intercostals  must  prove 
most  effective  during  forced  expirjitory  efforts — fur  example,  in  coughing, 
when  the  intercostal  tissues  are  subjecte<l  to  high  jKisitive  intrathoracic  pres- 
sure, and  there  ia  a  consequent  tendency  to  outward  displacement,  which  is 
met  and  counteracted  hy  the   internal  intercostals. 

During  fon^ed  inspiration  the  seuk'ni  and  the  nerrati  postici  s^ipf^riores  con- 
tract vigorously,  so  that  the  sternum  and  the  first  five  ribs  are  elevated,  thus 
raising  the  thoracic  cage  as  a  whole.  At  the  same  time  the  fserrati  poattd 
inferiorefif  the  t/tt^ailrati  lumbontm,  and  the  aacro-lumbales  are  active  in  pulling 
the  lower  ribs  downward  and  backward.  Besides  these  muscles  there  are  a 
number  of  others  which  directly  or  indirectly  affect  the  size  of  the  thorax  and 
which  may  be  brought  into  activity  ;  chief  among  these  are  the  fl/p77io-c/Wdo- 
mndokie'iy  the  trapezeif  the  jtectorales  mijioffSt  the  pedoraies  majoreJt  (costal 
portion),  the  rhombotdct,  and  the  crcctores  spince. 

The  fiirmo-rleifin-mnftfnid  pnss^'s  from  the  niastoid  process  nnd  the  .snp'rior 
curveil  line  of  the  occipital  bone  to  the  upper  frout  surface  of  thf  nuinubrlum 
and  the  upper  l>order  of  the  inner  third  of  the  clavicle.  These  muscles  ele- 
vate the  upper  part  of  the  chest  when  the  head  and  neck  are  fixed.     The 
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trapezius  pasaea  from  the  occipital  bone,  the  ligamenturn  nuchtc,  the  spines  of 
the  aeventh  cervical  and  of  all  the  dorsal  vertebra,  and  the  supraspinous  liga- 
ment to  tho  posterior  border  of  the  outeV  third  of  the  clavicle,  the  inner  border 
of  tlie  acromion  process,  the  crest  of  the  spine  of  the  scapula,  and  to  the 
tubercle  near  the  nx>t  The  trapezei  help  to  fix  the  shoulders.  The  rhnmbf/id" 
eufi  minor  passes  from  the  ligameutum  unchte  and  the  spines  of  the  seventh 
cervical  and  first  dorsal  vertebrae  to  the  root  of  the  spine  of  the  scapulu.  The 
rhomhoidetui  major  passes  from  the  spines  of  tlie  first  four  or  fivn  dorsal  vertebne 
and  the  supraspinoLis  ligament  to  the  inferior  angle  of  the  suipuia.  The  trapezei 
and  rhomboidei  fix  the  shoulders,  afiPording  a  base  of  action  from  which  the 
pectorales  act.  The  p€<iondis  major  passea  from  the  pectonil  ridge  of  the 
bumeras  to  the  inner  half  of  the  anterior  surface  of  the  clavicle,  the  corre- 
sponding half  of  the  anterior  surface  of  the  sternum,  the  cartilages  of  tlie 
first  six  ribs,  and  the  aponeurosis  of  the  external  oblique  muscle.  The  p€cto~ 
talis  minor  passes  from  the  conicoid  process  of  the  scapula  to  the  upper  margin 
and  outer  surfa^  of  the  third,  fourth,  and  fifth  riljs  close  to  the  cartilages  and 
to  the  intercostal  aponeuroses.  The  pectorales  minores  and  the  costal  portion 
of  the  pectorales  majnres  raise  the  tWts  when  the  shouhlers  are  fixed.  The 
eredorr^  HptnoB  are  ot>m{>ofiite  raustilos  extending  along  each  side  of  the  spirial 
column,  each  consisting  of  the  sacro-lunibulis,  the  musculus  accessonus,  the 
oervicalis  ascendens,  the  longissiraus  dorsi,  the  transvcrsalis  ecrvici'*,  the  trachelo- 
mastcid,  and  the  spinalis  dorsi.  The  erect^ircs  spiuie  straighten  and  extend  the 
spine  and  the  neck,  and  thus  tend  to  raise  the  sternum,  the  costal  cartilages, 
and  the  ribs.  The  ivfrahyoiilei  may  also  W  iiiflude<l  among  the  muscles 
engaged  in  torced  inspiration,  since  they  may  aid  in  tho  elevation  of  the  stcrnnm. 

Summary  of  the  Actions  of  the  Chief  Muscles  of  Inspiration. — ^Dnr- 
ing  quid  inspiration  the  diaphragm  contracts,  thus  increasing  the  vertical  diam- 
eter of  the  thorax,  its  eflfectiveness  being  augmented  by  the  associated  actions 
of  the  qitadraii  Inmbomm  and  the  nrrrnti  pnsiici  /n/mf>/'ri*,  the  former  fixing 
the  twelfth  ribs,  and  the  latter  fixing  the  ninth,  tenth,  eleventh,  and  twelAh 
rib**,  and  thus  preventing  the  muscular  glijw  of  the  diaphragm  attached  to  these 
ribs  from  drawing  them  inward  and  upwanl  and  thus  diminishing  the  cavity 
of  the  tliorax.  (.'oincidently  with  the  (^ntractions  of  these  muscles  the  scalent 
^x  the  first  and  sottnul  ribn,  and  the  atrrafi  pmiici  tniperioreti  aid  in  fixing  the 
second  ribs  and  elevate  the  third,  fourth,  and  fifth  ribs  ;  the  intcrcostales  crta-Tii 
ei  initreariilaifinei  and  the  Un^itorrs  roaiamm  longi  ei  brevf^  elevate  and  evert  the 
first  to  the  tenth  ribs,  inclusive,  throwing  the  lower  end  of  the  sternum  for- 
ward ;  and  the  Uvntore^^  in  conjunction  with  the  qundrati  lumhonim  and  the 
serraU  postici  tnferioreSy  aid  in  fixing  the  lower  ribs  and  even  draw  them  Wk- 
wanl.  The  intercofiales  extemi  also  serve  to  maintain  a  proper  dt^ree  of  tension 
of  tlie  intercostal  tissiies. 

During  forced  inspiration  the  8ca!eni  and  the  serrati  pogtici  miperioreA  act 
more  |wwerfully  and  thus  raise  the  sternum  with  its  attached  costal  cartilages 
and  ribs,  being  assisted  by  the  stemo-cleido'mtiMoxdei  and  the  infrahyoidei 
when  the  head  and  neck  are  fixed,  and  by  the  picioralis  nuijores  d  minorm 
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whca  the  shoulders  are  fixed  by  the  irapezei  and  the  rhoiiiboidei.     The  erectora 

»pincc  further  assist  this  action  by  extomliiig  tJie  spinal  column. 

Movements  of  Expiration. — During  quiet  breathing  expiration  is  effected 
mainly  or  solely  by  tlie  passive  return  of  the  displaced  parts.  Normal  expi- 
ration is  therefore  essentially  a  piissive  act,  although  it  may  be  assisted  by  the 
contraction  of  the  interosiseous  j)ortion  of  the  internal  intercostals.  The  nia«t 
imjiortant  factors  are  nnquestinnably  the  clastic  tension  of  the  lungs,  costal 
cartilages,  intercostal  spaces,  and  abdominal  walla,  together  witli  the  weight  of 
the  chest. 

Tlje  lungs  after  quiet  expiration  are  in  a  state  of  elastic  tension  equal  to  a 
pressure  of  -|-l.i)  to  -h3.9  millimeters  of  mercury  (see  p.  397),  which  pi-owure 
during  inspiration  is  increased  in  projiorlion  to  the  de[»th  of  tlie  movement. 
As  socm,  thercfurej  as  the  inspiratory  muscles  cease  to  contract,  this  tension 
comes  into  play^  and,  aided  by  elastic  and  mechanical  reactions  below  noted, 
forces  air  from  the  lungs.  This  elasticity,  and  tfie  facility  with  which  the  air 
is  exi>elled»  may  be  demonstrate<l  by  inflating  a  jiatr  of  excised  lungs  and  (hen 
8ud<lenly  allowing  a  free  egress  of  the  air:  collapse  occurs  with  remarkable 
rapidity,  with  a  force  pro}torti4)iiatc  to  the  degree  of  distention.  The  elastic 
costal  cartilages  are  similarly  put  on  the  stretch  :  the  lower  bonlers  are  drawn 
outwaixl  and  upward  and  are  thus  twisted  out  of  position,  so  that  as  soon  as 
the  inspiratory  forces  are  withdrawn  they  must  untwist  themselves,  further 
aiding  the  elastic  reaction  of  the  hmgs.  The  intercostal  spaces,  excepting  the 
first  two,  are  widened  and  the  tissues  aiv  stretcluxl,  and  the  diaphragm  during 
its  descent  presses  upon  the  abdonu'nal  viaceni,  rendering  the  abdominal  walls 
tense.  When,  thcrcfiire,  ins^pinition  rmsf^  the  reaction  <if  tlie  tense  and  elastic 
intercostal  tissues  aUU  in  bringing  the  chest  into  the  position  of  rest,  while  the 
stretched  alxlominal  walls  press  upon  the  abdominal  viscera  and  thus  force 
the  diaphnigm  upward.  Finally,  the  chcst-wrills  by  their  weight  tend  to  fall 
fnjin  the  [H)sition  to  which  they  have  been  raised,  adding  thus  another  factor 
towani  the  elastic  reaction  of  the  lungs,  costal  cartilages,  intercostal  tissues,  and 
alxlominal  walls. 

Whether  or  not  the  interosseous  portion  of  the  internal  intercostal  muscles 
assists  in  expii'atiou  uinnot  be  stated  with  [Kisitlvenesa.  Tlie  fact  that  these 
muscles  contract  during  the  expiratory  phase  and  that  the  contraction  results 
in  an  approximation  of  the  ribs  hwls  to  the  belief  that  they  are  expiratory. 
But,  as  iK'fore  statwl  {p.  401),  this  activity  may  lie  primarily  tor  the  pur|}OBe 
of  maintiinfng  a  pn>i>er  degree  of  tension  of  the  intercostal  tissues.  In  the 
dog  these  mnsel*^^  are  not  active  until  dyspnoea  appeal's,  wliile  in  the  cat  they 
do  nol  wime  into  play  until  extn^tne  tlyspncea  has  set  in  (Martin  and  Hartwell). 
These  facts  certainly  militiite  against  regarding  thera  as  active  expiratory  fac- 
tors during  tjuiet  breathing,  while  during  forced  expiration  they  may  with 
aix'unicy  l»c  considered  as  lacing  in  part  at  least  expirattiry  in  function.  We  are 
therefore  justified  in  concluding  that  normal  quiet  expiration  is  essentially  a 
passive  act  due  to  elastic  reaction  and  to  the  mechanical  replacement  of  dui- 
plaoe<l  parts* 
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During  forced  expiratiou  certain  muscles  may  be  active,  the  chief  bein^^  tlie 
iiitcrtrtMolej^  intcrni  inicrossei,  the  trianr/ulares  sternij  the  mn^uil  ahdomimilcBy 
and  the  leva^orfa  am.  The  intercostalt's  hitenii  intero»sH  are  probably  active 
expiratory  miisi-k**  during  for«Hl  expiration,  hut  ihey  («n  prove  effective  only 
when  the  lower  part  of  the  thoracif  cage  is  fixed  or  drawn  down — au  act  which 
is  accomplished  chiefly  by  the  alKl(>miUMl  tniistrles. 

The  trlnnguUirrs  sU^mi  |klss  uutwiinl  aiwl  upwar*i  from  the  lower  part  of 
the  sternum,  the  inner  surface  of  tiic  euniform  wirtila^e,  and  the  sternal 
ends  of  the  costal  cartihigcs  of"  the  two  or  three  lower  sternal  ribs,  to  the  lower 
and  inner  surfaces  of  the  rartilnges  of  the  second  to  the  sixth  ribe,  inclusive. 
They  dniw  the  attached  costal  cartilngea  downward  during;  expiration. 

The  nbdomimth's  during  ijuiet  expimtion  are  passive,  and  aid  in  the  expul- 
sion of  air  from  the  lungs  simply  by  their  eliisticity ;  but  during  forced  expi- 
ration, by  contraction,  they  are  active  expiratory  factors. 

The  ohfiquiut  cj'/fnjus  ans<*s  by  nlips  on  tlie  outer  surface  and  lower  lionlers 
of  the  lower  eight  ribs,  ami  is  inserted  into  the  outer  lip  of  the  autenor  luilf 
of  the  crest  of  the  ilium  and  into  the  Iintad  ajKineaifHis  wliich  blends  with 
that  of  tlie  <ip|>osite  side  in  the  linea  alba.  The  obiitpiua  intrmns  j>a.sses 
from  the  outer  half  or  Iwo-tliirtia  of  PoujKirt'a  ligament,  the  anterior  two-llurda 
of  the  middle  lip  t*f  the  crest  of  the  ilium,  and  the  pisterior  layer  of  the  Imnbiur 
fascia  to  the  cartilages  of  the  last  three  ribs  and  the  aponeurosis  of  the  anterior 
port  of  the  abtloniiiial  wall.  The  rcvfiai  nbdomiuis  juis'^'s  from  the  creist  of  the 
pulK'g  and  the  ligament*  in  fixtnt  of  (he  symphysis  pubis  to  the  cartilages  of 
tlie  fifth,  sixth,  and  seventh  ribs,  and  usually  to  the  bone  of  the  fifth  rib.  The 
b'ansva'saliB  nhdominis  "pamei^  from  the  outer  third  of  PoujMirt's  ligament,  the 
anterior  thrtr-fourths  of  the  inner  lip  of  the  iliac  cre.st,  by  an  ajioneurotsis 
from  the  transverse  and  spinous  processes  of  the  lumliar  vertebni',  and  from 
the  inner  surface  of  the  sixth  lower  costal  (artilagt-s  to  the  pubic  crest  and  the 
linea  alba.  The  fibn'i;  for  the  most  |»art  have  a  Itnrizontal  dire<'tion.  The  pyram- 
idalis  pfLSses  from  the  anterior  surface  of  the  pubes  and  the  pubic  lig:inient 
to  the  linea  alba.  It  is  obvious  from  the  points  of  origin  and  inserticnj  of  the 
abdominal  muscles  that  during  contraction  they  co-operate  toward  diminishing 
the  volume  of  the  thorax  in  three  ways  :  (1)  By  offering  a  l)nse  of  action  f(»r 
the  internal  intercoeitals,  and  thus  aiding  in  the  ap[)roximation  of  the  ribs; 
(2)  by  depressing  and  drawing  inward  the  lower  end  of  the  siemum  and  the 
lower  costal  cartilages  and  ribs;  ('i)  by  fon*ing  the  alKlominal  viscera  against 
the  diaphragm,  thrusting  it  upward.  The  abdominales  are  unquestionably 
the  chief  expiratory  muscles. 

The  /ei'cUorcs  mti  converge  from  the  pelvic  wall  to  the  inner  part  of  the  rec- 
tum and  the  prostate  gland.  They  form  the  largest  part  of  the  musi-ular  flix»r 
of  the  pelvic  cavity.  Tlie  levatores  ani  are  important  during  forcible  expi- 
ration by  resisting  the  downward  pressure  of  the  pelvic  viscera  cause^l  by  the 
powerful  contractions  of  the  abdominal  muscles,  but  they  must  be  regarde<l  rather 
as  assfx-iatcil  in  the  act  of  expiration,  and  not  as  true  expiratory  muscles. 

Samznary  of  the  Actions  of  the  Chief  Mueclee  of  Expiration. — During 
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quiet  expiration  no  muscular  factors  are  involved,  unless  it  be  the  oontraction 
of  the  intercostaks  intetmi  intet-osseij  in  which  event  they  are  more  probablj 
engaf^  in  maintaining  tlie  tension  of  the  intercostal  tissues  than  in  actually 
diujiuieLiing  tliu  cujiacity  of  the  thoi-ax. 

During /crrccrf  expiration  the  abdominales  flex  the  thorax  upon  the  pelvis, 
force  the  abdominal  viscera  against  the  diaphragm,  thrusting  it  upward,  and 
by  pulling  u|K»n  the  lower  miu-gins  of  the  tlionicic  cage  draw  them  inward 
and  at  tlie  same  time  ofier  a  base  from  wliich  tlie  inlercoaiales  intemi  ijUer- 
ossei  act  to  pull  the  rib-s  downwanl ;  the  triangulares  stemi  contract  at  the 
same  time  and  pull  downward  the  cartilages  of  the  second  to  the  sixth  ribs, 
inclusive. 

Ajseociated  ReBpiratory  Movements. — Associated  with  the  thoracic  and 
abdominal  movements  of  respiration  are  tuovcmcnts  of  tlie  face,  pharynx,  and 
larynx.  The  nostrils  are  sliglttly  dilated  <luring  inspiration  and  jiassively 
return  to  their  condition  of  rest  during  expiration  j  the  soft  j>alate  moves  to 
and  fro  with  the  inflow  and  outflow  of  air,  and  tlic  glottis  is  widened  during 
inspiration  and  narrowc^l  during  expiration.  During  labored  inspiration, 
besides  the  above  movements,  the  mouth  is  usually  opened ;  the  muscles  con- 
cerned in  facial  expression  may  l>e  active^  giving  ilie  individual  an  ap|>earanoe 
of  distress;  the  soft  palate  is  raised,  and  ttie  larynx  descends.  The  widening 
of  the  Dares  and  the  glottis,  the  opening  of  the  mouth,  the  elevation  of  the  soft 
palntCj  and  the  dcs^^nt  of  the  hirynx  during  inejtiration  arc  obviously  for  the 
purfKise  of  Icj^si'niiig  tlie  resistance  to  the  iutlow  of  air. 

Intrapulmonary  or  Respiratory  Pressure  and  Intrathoracic  Pressure. 
— The  tidal  flow  of  air  tn  and  frcHU  the  hings  diiriitj^  the  respiratxirv  move- 
Dients  is  due,  as  already  slated,  to  the  dilferences  lK?tween  the  pressure  within 
the  lungs  and  that  outside  the  body.  During  inspiration  the  enlargement  of 
the  thorax  causes  an  cxjjansion  of  the  lungs  and  a  consequent  diminution  of 
pressure  within  them.  s(»  the  air  is  forced  through  the  air-passage,s  until  the 
pressure  within  ihe  lungs  equals  that  of  the  atniosj»liere;  during  expiration 
there  occur  elastic  and  mechanical  reactions  whereby  the  pressure  within  the 
lungs  is  greater  than  that  of  the  atmosphcro,  (fmsequently  air  is  exiK'lled  until 
an  equilibrium  is  again  establistied.  It  is  apparent,  then,  that  <luring  inspim- 
tion  tJiere  exists  within  the  lungs  a  condition  of  negative  ])ressure,  and  that 
during  expiration  the  prtssure  is  prmiiivo.  Tf  a  mnncmicter  \yv  so  arrangiil  as 
in  no  way  to  interfere  with  the  ingress  and  egress  of  air,  it  will  be  {oy\\\<\  that 
during  inspiration  the  column  of  mercury  sinks,  while  during  expiration  it 
rises.  Dondors  found  by  connecting  a  manometer  with  the  iinsa!  passage  that 
the  pressure  during  quiet  inspiration  was  — 1  millimeter  of  Hg,  and  during 
expiration  -f2  to  3  millimeters.  Ewald  gives  as  corresponding  values — 0,1 
millimeter  and  +0.13  millimeter,  and  Mundhorst,  — 0.5  millimeter  and  +5 
millimeters.  During  <leop  inspiration  Donders  noted  a  pressure  of — 30  milli- 
meters, and  when  the  nxaith  and  nose  were  chised,  — 57  millimeters.  During 
fon-ed  expiration,  with  respiratory  passage  closed,  it  was  -|-87  millimeters;  but 
these  figures  have  been  exceeded. 
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It  will  he  observed  tbat  duriug  quiet  respiration  iutrapulmonary  pressure 
{pressure  within  the  lungs)  oscillates  between  negative  and  positive  and  t'ice 
vcrsdy  whereas  intrathoracic  pressure  (pressure  ouiaide  the  lungs)  is  persistently 
negative,  the  amount  by  which  it  differs  from  atraofipheric  pressure  beeoming 
greater  during  inspiration  and  diminishing  to  the  previous  level  during  expi- 
ration (p.  397).  Under  forced  expiration,  however,  when  the  air-passages  are 
obstruete*!  intnilhoi-acir  prwisure  tmiy  become  positive.  This  may  In*  deiuou- 
fltrated  in  this  way;  If  a  manometer  be  connected  with  tJie  mediastinum  of 
a  cadaver,  and  the  ohe-st  bo  pulled  upward  in  imitation  of  deep  inspii-ation, 
intnitlioracic  pressure  will  Ih'  found  to  bi*  about  — .'^0  millimeters.  If  now  a 
second  manometer  be  connected  with  the  trachea,  and  air  l>e  forcetl  into  tlie 
lungs  through  a  tracheal  tube,  a.s  intrapulmonar\*  pressure  rises  intrathoracic 
pressure  falls,  so  that  when  the  former  reaches  -|-30  millimeters  the  intratho- 
racic negative  pressure  exerted  by  the  elastic  traction  of  the  lungs  is  counter- 
balanced and  the  pressure  within  and  outside  the  lungs  is  equal.  If  intra- 
pulmonar)'  pi-ensure  now  rise  alvove  this  limit,  intralhoracio  pressure  must 
proporticmately  Ix^ome  positive.  During  violent  coughing,  when  the  expira- 
tory blast  is  Ml>structe<l  and  the  muscular  effort  is  powerful,  intrapulmonary 
pressure  muy  rise  to  -f^O  millimeters  or  more. 

The  intercostal  tissues  lend  to  Iw?  drawn  inward  as  long  as  negative  intra- 
thonieic  pressure  exists,  and  to  Ik*  ft)rctHl  outwarel  when  there  is  fKJsitive  intra- 
thoracic pressure;  heni-e  during  irt^pii-atioii  the  traction  b<«^onjes  more  marked 
with  the  rise  of  intrathoracic  pri-ssure,  and  during  expiration  the  reverse; 
while  during  forced  expiration  with  obstrucK-d  air-passages  the  pressure  exerted 
by  the  effort  of  the  expiratory  mus<'les,  together  with  the  weight  of  the  chest 
and  the  elastic  n^action  of  the  Cfistal  cartilages,  etc.,  may  he,  as  alx>ve  stated, 
far  more  than  sufficient  to  counterbalance  the  traction  exerted  by  the  distended 
elastic  lungs,  ami  ihus  cause  jwisitiv*'  intrathoracic  pressure. 

The  influences  exerte<i  by  changes  in  intrathoracic  and  intrapulmonary 
pressure  upon  the  circulation  are  marke<l  and  impirtant,  and  may  be  so  pro- 
nounce<l  as  to  cans*'  an  obHti'nition  of  the  pnlse. 

Reepiratory  Sounds.— During  tlie  i*es[)iralor\'  acts  characteristic  sounds 
are  heard  in  the  lungs.  A  study  o^  these  sounds,  however,  properly  belongs 
to  physical  diagnosis. 

The  Value  of  Nasal  Breathing-.— Nasal  breulhing  has  a  value  ab*>ve 
breathing  through  the  mouth,  inasmuch  as  the  air  is  warmed  and  moistened 
and  ihus  rendere<l  more  acceptable  to  the  lungs,  more  or  less  of  the  foreign 
particles  in  the  air  are  removed,  and   noxious  odors  may  be  detected. 

B.  The  Gases  in  the  Lungs,  Blood,  and  Tissuks. 

Alterations  in  the  Oases  in  the  Lnngs. — The  obj*»ct  of  respiratory 
movements  is  to  nMiew  the  air  within  the  lungs,  which  air  is  eonstantly  IxMng 
vitiated,  and  thus  siipply  O  and  remove  COj  and  other  effete  substances.  The 
lungs  of  the  average  n*lult  mnn  af^er  quiet  expiration  contain  about  2S00  cubic 
centimeters  (170  cubic  inches)  of  air.     During  quiet  respiration  there  is  nw 
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inflow  and  outflow  of  about  500  cubic  centimeters  (30  cubic  inches),  therefore 
from  oue-sixtli  to  one-fifth  of  the  air  in  the  lungs  is  renewed  by  each  act. 
Since  the  respimtions  <^lk'\xt  at  so  froquent  a  rate  as  16  to  20  per  minute,  it 
seems  appirt'nt  lliiit  tlutrti  must  be  a  rapid  loss  of  O  and  a  gaiu  nf  CK),.  This 
18  proven  by  analyses  of  iuspired  and  expired  air.  Inspired  air  is  under 
normal  cfrcumstanws  ntmasplipric  air,  composed  of  oxypen.  nitrogen,  aiyon,  and 
carbon  dioxide,  with  mure  or  less  moisture,  traces  of  ammonia  and  nitric  acid, 
dust  and  micro-organisms,  eta  The  essential  differences  between  inspirei] 
and  exinretl  air  arc  shonti  by  the  fMllowlng  table,  llie  figures  for  the  gases 
being  iu  volumes  per  cent.  Nilrogon  and  argon  are  omitted  beouuse  they 
plav  no  importjint  nMn  in  respiration^  thfre  being  neither  absorption  nor 
diKfliarge  of  cithtT  to  any  noteworthy  extt?nt.  Thry  take  no  pan,  as  far  as 
known,  beyond  that  of  a  mere  diluent  of  tlie  inspirt-d  ar»d  expired  air. 


Inspired  air 
Expired  air 


20.8! 
J6.03 

478 


CO, 

0.04 

4..H8 
AM 


Wa(er  Vspor. 


Variable. 
Saturntet]. 


TempermtiLTt. 


Averaire  about  20^ 
Average,  about  36.3** 


Vulume 

(Actual). 


Diminished 


Expired  air  is  therefore  4.78  volumes  per  cent,  jioorer  iu  0, 4.34  volumes  per 
cent,  richer  In  CT)y ;  it  in  saturated  witlj  ^vilte^  vajmr^  and  id  of  higher  tj^-m- 
perature  and  of  Ictis  actual  vohniie.  In  addition,  expired  air  cH.>ntaiub  various 
effete  btxlies,  such  as  organic  matter,  hydrogen,  marsh-gas,  etc. 

The  relative  quantities  of  O  absorbed  and  nf  <  X),  given  off  are  notconstaut, 
and  tlie  ratio  in  knowu  an  the  rrs^ptrniori/  qnotirni.    TiiiH  in  obtained  by  dividing 

the  volume  of  CO,  given  off  by  that  of  O  absorb  ed/'^»'i:?1  =  0.fl08.    Henc<.», 

for  tiach  vohunc  of  O  that  is  lost  0.908  volume  of  COj  is  gained.  Various 
conditions  affect  the  quotient  (p.  436). 

The  qunntity  of  watery  vapor  lost  by  the  lungs  varies  inversely  with  the 
amount  C4jntaineil  in  the  atmospheiv  and  with  i\w  vohiin(!  of  air  respired.  The 
le^  the  moisture  in  the  atmospheric  air  and  the  larger  the  volume  of  air 
respireil,  the  greater  the  loss.  Valentine,  in  experiments  on  eight  yom)g  men, 
records  a  daily  loss  varying  from  349.9  to  773.3  grams,  or  an  average  of  540 
grams,  Vierordt  recx>rds  a  loss  of  330  grams,  while  Aschenbrandt  estimates 
a  daily  loss  of  526  grams. 

The  tem]x»rature  of  tho  expired  air  varies  direetly  with  the  temperature  and 
volume  of  the  inspired  air  and  wilfi  the  tentj>eratureof  tlie  bo<Jy.  Valentine  and 
Bruner  found  that  when  the  tem|>craturc  of  inspire*!  air  was  from  15°  to  20°, 
that  of  expirerl  air  was  37.3°  ;  when  that  of  in^jiiiXHl  air  was  — 6.3°,  expired 
air  had  a  temperature  of  29.8°  ;  while  when  the  in:Jpired  air  was  at  41.9°,  that 
of  expired  air  was  38.1°.  W\igd  the  air  is  respire<l  throngh  the  nose  the 
expired  air  is  warmer  than  when  respiration  occurs  tjirough  the  mcmth.    Bloch ' 

»  Zeitaahri/t  fur  OhrmheHkunde,  1888,  Bd.  xviii.  8  215. 
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records  a  differpnoe  »f  1.5°  to  2°.  The  figiirps  by  other  oKservera  vnry  from 
0.5°  to  1.5*^.  The  larger  the  volume  of  air  respiretl,  other  thiugs  beiug  equal, 
the  less  the  increase  of  temperature. 

The  volume  of  expired  air  is  from  10  to  12  per  cent,  greatjcr  than  that  of 
■aspired  air,  thin  iiirn-asc  beiu^  duL'  to  cxpaiisiou  umisod  by  the  iucrea;^  of  tem- 
pcrUure.  Wh(»n  dried  and  proper  dcdot'tiotib  made  for  t^-mperatiire  aud  baro- 
metric pressure,  the  actual  or  corrected  volume  is  less  by  about  -^  to  -j^, 

Losscn  estimated  that  0.0204  ;:nim  of  ammonia  is  olimimited  p<'r  diem  in 
the  expirtxl  air.  licrj^e'V  also  found  small  ipiantilieH  of  ammonia,  yet  Voit's 
investigations  indicate  that  expired  air  usually  does  not  contain  even  a  trace 
of  ammonia. 

AlterationB  in  the  OaBee  in  the  Blood. — The  b]o<xl  in  the  pulmonary 
arteiT  i»s  of  the  tyinVyil  venous  color — that  is,  deep  bJuish-ixn].  i)uring  its 
posBBge  through  the  lungs  it  beoomea  scarlet-red,  or,  commonly  speaking,  arte- 
rialized  or  aerated.  If  we  take  arterial  \*\n*td  anrl  deprive  it  of  tixygen,  the 
color  changes  to  a  venous  hue  ;  if  now  we  shake  the  bluish-retl  bIoo<l  in  air  or 
O,  the  scariot-red  color  is  restored.  We  have  here  the  suggestion  that  the  blood 
while  passinsf  thrrtujjh  the  lungs  absorbs  O.  Analyses  show  that  not  only 
docs  absor|)tioit  of  <>  oc^cur,  but  that  there  is  simultaneously  with  lliis  an 
elimination  fn>m  the  bloo<l  of  CO^. 

Arterial  and  venous  bhwd  each  contains  appn^ximately  60  volumes  per  cent, 
of  ()  liiid  CXIj ;  that  is,  for  about  every  UK)  volumes  of  blixwl  60  volumes  nf 
gas  will  l>e  obtained.  Such  analyses  demonstrate  also  that  while  the  total 
volumes  per  cent,  of  O  and  CX),  arc  about  the  same,  the  proportions  are 
different.  The  following  table,  <*ompi]fd  from  various  sources,  gives  the 
volume.s  per  cent,  of  gases  in  the  arterial  bl<M>d  of  various  animals: 

Anlmrnl  T«rtal.  0.  CO..  H. 

I>og A9.38  18.65  38.93  1.8 

Cm 43.2  lai  28.8  13 

Shtep 57.6  10.7  46.1  1.8 

Rabbit 49.3  13.2  34.0  2.1 

Mun 68.4  21.6  40.8  X.H 

Fowl 58.8  10.7  48.1 

Pfluger  obtained  as  averages  of  analyses  of  arterial  blood  of  dogs  58.3 
volumes  per  cent.,  consisting  of  22.2  volumes  per  cent,  of  O,  34.3  volumes 
per  cent,  of  CO,,  and  1,8  volumes  per  cent,  of  N.  Venous  blood,  according 
to  estimates  by  Zuntz  based  on  a  large  numl)er  of  analyses,  contains  7.15  vol- 
umes per  cent,  less  of  O  aud  8.2  volimies  per  cent,  more  of  CO,,  The  quantity 
of  N  is  practically  the  same  in  1x>th  arterial  aud  venous  blood. 

The  proportions  of  O  and  CO,  in  arterial  blood  vary  but  little  in  speci- 
mens taken  at  randi»m  fnmi  the  arterial  svstem,  while  those  of  venous  blood, 
on  the  contiiiry,  ditfer  considerably _^aocording  to  the  locality  of  the  vessel  as 
well  as  to  the  degree  of  activity  of  the  stnictures  whence  the  blood  comes. 
Thus,  venous  blood  from  an  active  secreting  gland  differs  very  little  in  its 
oompoeition,  gaseous  and  otherwise,  from  typi<:al  arterial  blood,  whereas  when 
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tlie  gland  is  iaactive  the  blood  is  typically  venous.  The  arterial  character  of  the 
venousblocxliutheformeroaseisdue  to  the  consideraLIe  increase  in  thequautitj 
of  blood  passing  through  the  gland  during  activity,  the  resultbeing  that  the  loss 
and  gain  of  substances  are  not  so  noticeable  although  the  total  (juantities  of  O 
and  COj  and  other  substances  exchanged  are  actually  greater  than  when  the 
gland  is  at  rest  and  the  blood  coming  from  it  has  the  typical  venous  charactera. 

The  venous  blood  during  its  [MLssage  tlirough  the  lungs  acquires  O  and  loees 
CO,.  After  the  blood  is  arterialized  it  passes  from  the  lungs  into  the  left  side 
of  the  heart,  from  which  it  is  for<^5cd  to  the  aorta  and  its  ramifications  and  ulti- 
mately into  thti  t!apillarics.  Here  it  undergoes  a  retrograde  change,  parting 
with  some  of  its  O  and  taking  in  exchange  CO^;  ct»iise{|uently  the  gaseous 
interchange  between  the  blood  and  the  tissues  is  the  reverse  of  diat  occurring 
between  the  lilixid  and  tlieair.  Thus  we  find  that  the  intei'vhange  of  O  and  CX3, 
occurs  in  a  distinct  series  of  events:  (1)  Oxygen  is  carried  as  a  constituent  of 
the  atmospheric  air  to  the  alve*ili ;  (2)  here  it  is  atisorbed  by  the  venous  blood, 
which  at  the  same  time  gives  off  CO^  to  the  air  in  t!ie  alve*ili;  (3)  O  is  now  in 
major  part  conveyed  to  the  tissues,  in  which  it  is  taken  up  and  utilized  iu  pro- 
cesses of  oxidation,  CO^  being  the  chief  effete  product,  which  is  formed  immedi- 
ately or  ultimately  and  given  to  the  blood  (a  part  of  the  O  is  nmsumed  by  the 
blood,  COj  being  one  of  the  I'csuhs);  (4)  the  venous  blood  is  now  conveyed 
to  the  lungs,  CO,  is  given  off  and  O  is  received  in  excliange,  and  the  series  of 
events  is  rejwated. 

The  Forces  Concerned  in  the  Dilhision  of  O  and  CO^  in  the  Lungrs. — 
If  the  air  expired  Ix*  coUectixl  in  a  number  of  parts,  each  suw'esftive  pf>rtion  will 
be  found  to  contain  a  smaller  percentage  of  O  and  a  larger  |>ercentage  of  CX3,, 
The  air  in  the  beginning  of  the  respiratory  tract  (nose  and  mouth)  varies  from 
atmospheric  air  but  little  in  composition,  while  that  in  the  alveoli  contains  con- 
siderably less  O  and  much  more  CO,.  Witli  each  quiet  act  of  inspiration  the 
quantity  <>f  air  breathed  is  from  three  to  <()ur  times  greater  than  the  <!ajmeity  oi 
the  trachea  and  bstjnchi,  so  that  with  each  respiratory  act  two-tliirds  or  more 
of  the  fresh  air  is  carried  into  the  alveoli.  When  expiration  04X.'ure  a  similar 
volume  of  the  vitiate<l  air  wilhiii  the  alveoli  is  driven  into  the  bronchi  and 
trachea^  and  thus  a  certain  [>eit;entage  is  expelled  from  the  body.  Thus  the 
mere  volume  and  force  of  the  air-curi*euts  must  obviously  1)6  of  great  value  in 
e(|ualixing  the  composition  of  the  air  in  the  different  parts  of  the  respiratory 
tract. 

The  contractions  of  the  heart  exert  similar  mechanical  influences.  With  each 
eontrnction  intrathoracic  pressure  is  lessened,  so  that  tliero  is  a  slight  expansion 
of  the  lungs,  just  as  would  be  caused  had  the  thiirax  Ijcen  slightly  enlarged, 
and  consequently  there  is  a  movement  of  air  towar^l  and  into  the  alveoli.  Dur- 
ing diastole  intrathoracic  pressure  returns  to  the  previous  level,  the  volume 
of  the  lungs  is  diminished,  and  the  air  is  driven  from  the  alveoli.  Thus 
each  heart-beat  eimses  a  to-and-fro  movement  of  the  air.  These  oscilla- 
tionSj  which  are  termed  cardio-piieitrnaiic  7novtment8f  are  of  more  importance 
than  might  seem  at  first  sight,  for  it  has  been  shown  that  in  cases  of  suspended 


I 


UUATJOX. 

ainmatioD  and  in  hyl)crnating  nnimals  they  aid  materially  in  pulmonary  ven- 
tilation. 

besides  these  niechauical  factors  there  is  present  the  important  factor  of  the 
diffiLsion  of  gasefl,  ()  diftiusing  towartl  the  alveoli  and  CO,  toward  the  anterior 
nares.  The  rapidity  with  MJiich  diflht^ion  occurs,  other  thin^  being  equal, 
depends  n[>oo  the  ilitferences  in  the  "partial  pressure"  of  the  gas  at  various 
regions.  Each  gas  forming  part  of  a  mechanical  mixture  exerts  a  ]>aiiial 
pressure  proportional  to  its  pci-oentage  of  the  mixture.  ThtLs,  ntmoephcrio  air 
contains  20.81  volumes  per  cent,  of  0, 0.04  volumes  per  cent,  of  CO,,  and  79.15 
volumes  j>er  cent,  of  N.  If  the  air  exists  at  760  millimeters  barometric  pressure, 
each  gas  will  exert  a/)«r<  of  the  total  pressure,  or  a"  jwirtial  pressun»,"  equivalent 
to  its  respective  volume.     Should  we  wish  to  find  the  partial  pressure  of  O,  it 

.     ,    .      .    ^       ,.       20.81    ^  ,          ,                    20.81X760 
may  be  ascertame*!  simply  by  taking  "\?c^  oi  the  total  pressure^ .^ 

=  168.15   mtHimeters;    Bimilarly,  the   partial   pressure    of   CX^j   would   be 

0.04  X  760  .  ^_  .,,,  '  T  ,.  ,  p  V  "^-^'^  ^'  '^^^  «nT  ^a 
— =  0.30  milhmeter;  and  that  of  N,       - — ^^r^-T —  ~  601.54 

millimeters.  Knowing:,  then,  the  composition  of  any  mixture  of  gases  and  the 
total  pressure  under  which  it  exists,  it  is  a  matter  of  very  simple  calculation 
to  determine  the  partial  pressure  of  each  of  the  various  gases  constituting  the 
atnu»f»plHTc.  Expired  air  is  poorer  in  O  and  richer  in  CO^  tliau  inspiretl  air, 
and  alveolar  air  is  altered  even  to  a  grt^ter  extent  than  expired  air;  hence 
tlie  partial  pressures  must  be  affected  similarly. 

The  first  p»>rtion  of  the  air  expired  contains  a  maximum  amount  of  inspired 
air  and  a  minimum  amount  of  the  air  contained  in  the  air-pa.«i«ages  previous  to 
the  in.spiratory  act ;  but  as  pxpirati<»n  o^ntinucs  the  mixture  becomes  poorer  and 
poorer  in  inspired  air  and  similarly  richer  iu  the  vitiated  air  from  the  smaller 
air-passages  and  the  alveoli;  in  fact,  the  last  portion  of  expired  air  is  very 
similar  to,  if  not  identit^al  in  its  eoinjxtsition  with,  that  in  the  alveoli.  The 
following  partial  pressures  of  O  and  CO,  in  inspired  air  and  alveolar  air 
indicate  the  extent  to  which  the  coropue?itioD  varies  in  different  parts  of  the 
respiratory  tract : 

GHl  InipircdAir.  AlrcoUr  Air. 

O 1&S.15  millimeters.  100  milUmeUra.' 

COt 0.30  milUin«t«r.  23  millimeien. 

Since  the  partial  pressureof  O  in  inspire*!  air  is  about  15X.15  millimeters,  and 
as  it  is  but  alnjut  IIM)  millimeters  in  the  alve<ili,and  as  the  air  is  pot^rer  in  O  aa 
we  pass  from  the  nnres  to  the  alveoli,  it  is  obvious  that  a  force  must  be  exerted 
constantly  to  cause  a  diffu'-ion  of  O  from  the  larger  air-passages  to  the  bron- 
chioles and  from  the  hrf)n4'hioles  to  the  alveoli — that  the  O  must  diffuse 
from  the  region  of  highest  pn^^iure  to  that  of  lowest  pressure.  During  life 
an  equilibrium  can  never  be  cstablishe<l,  l>ecaufte  of  the  ooa<^nt  supply  of 
fresh  air  and  the  continual  passage  of  <)  frcmi  the  alveoli  to  the  blo<xl.     The 

'  The  exact  per  cent.  compOBiLioi]  of  ftlreolar  aJr  ifl  not  known  ;  these  figures  are  estimates. 
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same  relations  of  partial  pressure  are  observed  in  conDection  wilh  CO,,  except 
that  the  air  in  the  alve<ili  is  incessantly  aw^uiring  this  gas  from  the  blood,  causing 
the  per  cent.  com]X)gition  of  COj  to  be  miidi  in  excess  of  that  found  in  the 
atmosphere.  Tlie  jiartiial  prrsstirc  of  C(Jj  in  the  alveolar  air  is  about  23.0<J 
millimeters,  while  in  inspired  air  it  is  only  0.30  raillimeter;  hence  COj  must 
diffuse  from  tlie  alvochli  outward. 

There  are,  therefore,  thr»*  )io|H)rtaiit  factorH  eonrerned  in  the  admixture 
and  purification  uf  the  air  in  the  lungs:  (1)  Tlie  tidal  movements  caused 
by  ins^piration  and  expiration,  wliit:h  movements  by  the  mere  fort'e  of  air-cur- 
rents eaiise  a  partial  niixtun;  of  i\\v.  air  ;  (2)  the  Hinaller  wavo-movementB  ((ar- 
dio-pneuinatit)  produtXHl  by  the  heart-beats,  and  wmilar  in  effect  to,  but  much 
less  effective  than,  the  Hrst ;  (3)  the  tliffu.sion  of  O  and  C'0«,  dejjcnding  upi>n  dif- 
ferences in  their  partial  pressures  in  the  various  |>arts  of  the  respiratory  tract. 
The  first  is  by  far  the  most  important. 

The  Forces  Concerned  in  the  Interchajige  of  O  and  CO^  between 
the  Alveoli  and  the  Blood. — The  gases  in  the  lungs  are  in  the  fnrm  of 
a  niec*hani<'ai  mixtun',  while  in  the  hlootl  ihev  are  in  solution  or  in  chemioal 
combination  ;  hence  we  now  have  to  deal  with  conditions  quite  different,  involv- 
ing the  consideration  of  the  relations  of  gases  to  ]i<juids — a  relationship  of 
twofold  nature,  iiiasnuich  as  tlie  gas  may  lie  found  not  only  in  solution,  but 
in  chemical  a^ssociatiou. 

When  an  atmusphere  consisting  of  O,  CO^,  and  N  is  brought  in  contact 
with  water,  each  gas  is  absorbed  independently  not  only  of  the  others,  but 
of  the  nature  and  quantity  of  all  other  gases  which  may  happen  to  be  in 
Bolntiun.  The  quantity  of  each  gas  dissolved  ilepeuds  u(>ou  il^i  relative  sulu- 
bilitj'  as  well  as  upon  the  temjwralure  and  the  barometric  pressure.  The 
coefficient  of  al>sorption  of  any  fluid  is  the  quantity  of  gas  dissolved  at  a  given 
temj)erature  and  prej*sure,  and  is  in  inverse  relation  to  temperalure  and  in  direct 
relation  to  pressure.  The  following  ubsoq>tion-ooeflficients  of  water  for  O,  CX)^ 
and  N  at  760  millimeters  of  Hg  have  been  obtained  by  Winkler:* 

Temperature.  O.  CO^.  K. 

0* 0.04890  1.7967  0.02348 

15° 0.03415  1.0020  0.01»)82 

40* 0.0230«  .    .  0.01183 


Thus,  at  0°  C  and  760  millimeters  pressure  each  volume  of  water  absorbs  0.0489 
volume  of  O;  at  15°,  0.03415  volume;  and  at  40°,  0.02306  volume.  The 
abeorption-coefficient  falls,  it  will  be  observed,  with  the  increase  t)f  temperature. 
Comparing  the  solubilities  of  the  three  gases,  it  will  be  seen  that  at  the  same 
temperature  and  pressure  a  considerably  larger  quantity  of  CXD,  is  absorbed 
than  ofO — nearly  forty  times  more — whereas  the  quantity  of  N  absorbed  is 
less  than  one-half  as  much  as  that  of  O. 

The  quantity  of  a  gas  absorbed  by  a  given  liquid  at  a  given  temperature  is 

proportionate  to  its  coefficient  of  solubility  and  to  the  pressure,  and  is  tlie  same 

1  Zcii9ehrifi  Jur  phymleatijKhe  Chemicj  1802,  Bd.  9,  a  173. 
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M'lietlier  (he  gas  exist  free  or  as  a  constituent  of  a  complex  atmosphere,  pro- 
viiJetl  that  the  pressure  exerted  by  the  gas  in  both  cases  be  the  same.  Thus, 
atmospheric  air  ooufiista  of  20.81  volunieii  per  cent  oi  O,  0.04  volume  |jer 
cent,  of  CO^  and  79.15  volumes  per  cent,  of  N.  Each  gas  exerts  a  partial 
pressure  in  proportion  lo  its  |>erceutage  of  the  mixture.  Assuming  that  the 
air  is  at  slaudanl  atmosplirrir  pr(*ssure,  the  partial  pressure  of  O  is  20.81  [M?r 
cent,  of  760  millimeters  of  Up,  or  lo8.15  millimeters.  The  quantity  of  O 
absorbed  from  the  air  at  0°  C  an<l  760  millimeters  |ir<isj>ure  i.s  therefore  the  same 
as  when  the  atmosphere  consists  of  pure  O  at  a  pressure  (»f  1»^8.15  millimeters. 

n.,      r          .           ^  .                                 .11     20.81  X  0.0489        ^  ^,       , 
Ihe  absorptiou-coeifacient  must  consequently  be  t^^jt =  0.01  vol- 
ume.    Therefore  100  vrtKimes  of  water  at  0°  C.  and  760  millimeters  pressure 
alhsorh  from  the  air  1    volume  of  O. 

If  the  partial  pressure  of  O  beinereased  or  decreased,  the  quautily  ab6orl>ed 
will  rise  or  fall  awordingly.  From  this  it  is  obvious  that  O  must  exist  mider 
a  certain  degree  of  pressure  to  prevent  its  piu-^-sing;  out  of  solution,  which 
is  expressed  by  the  term  tcnaion  of  solution,  meauiiig,  in  a  word,  the  pres- 
sure required  to  keep  the  gas  in  solution.  If  the  partial  pressure  of  the  gas 
diminishes,  the  gas  in  solntloji  is  given  off  until  the  partkd  pressure  of  the 
gas  in  the  air  and  the  ttmsion  of  the  gas  in  sofutioii  are  equal.  Ck)nve!'8ely,  as 
the  piirtial  pressnre  of  the  gas  in  the  air  increases,  the  gas  in  solution  will  be 
under  correspondingly  higher  tension. 

Tetiston  of  0. — The  absorj>tion-(XK'ffident  of  blond  for  O  is  nearly  the  same 
as  that  of  water,  so  that  bhxxl  at  0°  shouUl  absorb  from  tlie  atmosphere  about 
1  volume  per  cent,  of  O,  Init  less  tbun  one-half  as  much  at  the  ternpeniture 
of  the  l)ody.  The  results  of  exix'rimeuts  show,  however,  that  blood  contains 
considerably  more  tlian  this  (see  table,  p.  411),  and  very  much  more  than  can 
be  aceonntfii  fcvr  by  the  hiws  of  partial  pressures  and  tensions.  Moreover, 
when  the  blood  is  tubjeetcd  lo  a  vaeuuuj  putnp  there  is  evolved  a  small 
amount  of  gas  consistent  with  the  din?inution  of  ]>ressure.  but  the  great  bulk 
of  it  does  not  come  oflT  until  the  pressure  1ms  been  reduced  to  ^  to  -|^-  of  an 
atmasphere.  Finally,  the  quantity  absorbed  is  aflect«*d  but  little  by  changes 
in  pressure  above  or  below  a  certain  standard.  These  facts  indicate  tliat 
almost  all  of  the  O  must  be  in  chemical  combination.  This  combination  is 
with  l)iemoplobin  in  the  form  of  nxvhiemoglobin.  This  chemical  union  is 
readily  dissociated  at  a  constant  minimal  pressure  which  is  termed  the  tension 
of  disfttfciatioii.  There  is  a  persistent  tendency  of  the  gas  in  such  a  compound 
to  become  disengapf^tl,  so  that  when  oxyhflpmoglobin  is  placed  under  circum- 
stance:? where  the  tension  or  the  partial  pressure  of  O  is  less  than  that  in 
the  compound  dissociation  occurs;  conversely,  when  hiemoglobin  is  brought 
in  contact  with  O  at  a  pressure  alwve  the  minimal  constant  of  disstK*iation 
(^V  *®  iV  ^^  ^"  atmosphere),  the  two  unite  lo  form  oxyluemoplobin.  One 
gnm  of  haemoglobin  from  ox  bloo<l  combines,  according  to   Hufner,'  with 

C>ic  centimeters  of  O  at  0°  and  760  millimeters  pressure.     Assuming 
*  Arthi9  pir  AwiiamU  umi  Phywiotwfit,  18H  S.  130. 
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that  100  eiibie  centimeters  of  blocxl  contain  16  graniB  of  hEemoglobin  (p. 
37),  the  quiuitily  of  \^  which  wuuUl  combine  widi  tiiis  amount  of  btpmcH 
globin  would  be  equal  i»}  20.1  t-ubic  ci-ntiinekTs  ;  in  other  woni»,  arterial 
binoil  should  contain,  if  the  hietuoglobiu  be  suturutwl  with  oxygen,  20.1 
vohinies  per  cent,  of  O. 

The  plasma  and  the  serum  absort)  but  verv  suiall  quantities  of  O — aecnnl- 
ing  to  Pfiuger,  only  0.26  volnnu?  per  cent.  Owing  to  the  relatively  low  al»soqi- 
tioD-coefHoient  of  the  pbusma  c<»nipared  with  the  O-capacity  of  the  heemoglobin^ 
as  well  as  to  tlu;  fact  that  the  bjenmglobia  is  nearly  saturated  at  a  relatively 
low  pressure,  thu  quantity  of  O  absorbed  is  not  materially  affected  by  an 
increase  of  pressure  above  the  level  of  the  tension  of  dissociation. 

The  tenrtioii  of  O  in  arterial  and  venous  blood  must  be  ascertained  sej^r- 
ately,  inasmuch  as  each  cantnins  a  difterent  percentage.  Following  this 
method,  Strassburg ^  records  the  following  averages:  Arterial  blootl,  2^.64 
millimeters  of  Hg,  or  3.0  per  cent,  of  an  atmosphere;  and  venous  blood, 
22.04  uiillimctcrs,  or  2.D  ]v(*r  cent,  of  an  atruos|*hen*.  The  figures  obtained 
by  Bohr  and  by  Haldaue  and  8niJth*  arc,  liowever,  much  higher  (see  p.  418). 

Ten%um  of  CO,. — Venous  blood  contains  about  46  volumes  per  cent,  of 
COj.  The  results  of  ex]>eriments  prove  that  only  al>out  />  per  cent,  of  this 
CO,  is  in  simple  solutioit,  that  from  10  to  20  per  cent,  is  in  firm  cliemical 
combination,  and  that  from  75  to  85  per  cent  is  in  loose  combination. 

When  the  blood  at  the  tem|>cniture  of  the  body  is  subjccteil  io  a  vacuum, 
al!  of  the  CO^  is  given  off;  but  if  the  bltKnl-t^orpuscles  Ih'  n-nioved  and  the 
plasma  and  eorpust^les  each  in  turn  be  submittal  to  the  pump,  bolh  will  give 
off  COjj  the  plasma  yielding  a  larger  volume  than  the  corpiist^Ies,  but  not  so 
much  as  when  they  arc  together.  Plasma  and  serum  in  vacuo  give  off  onlv  a 
jHirtion  of  their  CO^;  the  remainder  may,  however,  be  dissociated  by  adding 
acid  or  red  corpuscles.  The  red  corpuscles  therefore  act  as  an  acid  and  aiuse  the 
disengagement  of  all  the  gas  from  the  plasma ;  consequently,  not  only  do  the 
corpuscles  yield  up  the  COj  containofl  in  them,  but  they  are  also  active  agent* 
in  bringing  alnuit  the  diss<xiiatiou  of  CO,  which  is  in  chemical  combination  in 
the  plasma.  The  dissociation  is  due  in  part,  perhaps,  to  the  presence  i)f  phos- 
phates in  the  stromata  of  the  red  rorj)uscles,  ami  to  certain  proteids,  but  the 
olxscrvntiona  of  Prcyer  and  Hopjjc-Scylcr  lead  to  the  conviction  that  it  is  due 
chiefly  to  oxy haemoglobin  and  hivmoglobin.  While  phosphates,  proteids, 
hremnglobin,  and  onyliEemoghtbiu  all  may  have  the  power  of  ex|)elling  CO, 
from  sodium  carbonat<*  in  solution  in  r(u*tw,  this  iiict  leaves  us  none  tlje  wiser 
as  to  which,  if  any,  is  active  in  this  way  in  the  blood.  Arterial  blood  gives 
off  its  COj  more  readily  than  venous  bh>od. 

Of  the  total  quantity  of  (-O,,  abitut  5  per  cent,  is  in  simple  st^lntion  and 
from  10  to  20  per  cent,  is  in  firm  chemieal  combination  in  the  plasma,  the  latter 
requiring  the  addition  of  acid  or  of  hiemoglobin,  etc.  to  cause  its  dissociation 
in  vacuo;  wlule  the  remainder,  constituting  much  the  larger  proportion,  is  in 

'  Anhivfur  PUytidogU^  Bd.  vi.  8.  65. 

*  Journal  of  Phjfnotoyy,  1897,  vot  xxii.  p.  231. 
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chemical  union  in  both  the  plasms  and  tlie  corpuscles.  That  which  is  in 
chemical  cunibiiiation  in  the  plasma  is  pmlmbly  iti  part  combinod  with  glob- 
ulin and  alkali,  and  in  yavi  with  so<lium  as  oari)onato  and  biwirbonato,  the 
proportion  of  each  varying  with  the  tension  of  tlie  CO,.  The  white  blood- 
corpuscles,  so  far  as  thev  contain  anv  of  tlie  T'O,,  hold  it  probably  in  <Mm»- 
bination  with  globulin  ami  an  alkali,  and  as  carbonatvsof  sodinni.  The  great 
bulk  of  the  gas  dis<'ngaiy^ed  from  the  corpuscles  is  derived  from  the  red  cells, 
but  in  what  conibinatton  or  conibinaHons  it  cxij^ts  is  not  positively  known. 
The  exporini*^nts  of  Setsclieni»w,  Zuiitz,  Bohr,'  and  others  indicate  that  it  is 
afisociated  in  some  ol>K'nre  way  with  ha.'nioplobin  which  seems  to  have  the 
power  of  combining  with  OK,  This  latter  fart  lias  been  sliown  by  the  experi- 
ments of  Bohr,  who  oompare<l  tl»e  fniantitics  of  CO^  abM^rbed  by  pure  wattr  and 
by  solutions  of  pure  cr>*stallized  hmiuojrlobin  at  constant  temp<,'ruturc  and  varied 
pressure.  Ho  found  that  the  weight  of  (JO,  absorlunl  by  the  water  increase<l  reg- 
ularly with  the  increxst?  of  pressure,  whereas  the  <)uantity  absorbetl  by  the  solu- 
tion of  ha?nioglobin  was  very  large  relatively  tu  the  lower  pressures  and  small 
for  higher  pressures,  and  that  the  increments  of  absorption  were  in  decreasing 
rjitirt  t<i  tlie  rise  of  pressure.  The  aliMiqitiiju  curve  is  therefore  steep  at  first, 
beeiimiug  less  antl  less  s(»  with  (he  inrrea.M'  of  pressun%  and  entirely  (lifierent 
from  the  absorption  line  for  pure  water,  which  is  straight.  Moreover,  the 
quantitv  r>f  f 'O^  dissolve*!  wns  eonsiilmiblv  in  excess  of  tfiat  wliieji  plivsii'al 
laws  could  permit.  It  is  not  iniftmbabie  that  the  O  combines  with  the  pig- 
ment |>or(ioii  of  the  haemoglobin,  and  the  CX),  with  the  protcid  portion.  The 
€'<>_.,  in  whatever  form  nr  forms  it  maj  exist  in  the  red  corpuscles,  is  in  looser 
combination  than  in  serum. 

Strassburg's  e?c|)enments  show  that  the  average  tension  of  CO,  in  arterial 
blood  is  '21.28  millimeters  of  Ilg,  or  2.8  per  cent,  of  an  atmosphere,  and  in 
venous  blood  41.0-1  millimeters,  or  5.4  per  cent,  of  an  atmosphere. 

Taision  of  N. — The  t|uatility  «if  nitrogen  in  the  bhiod  is  about  1.8  volnmes 
percent  It  is  in  simple  dilution  iti  the  bkxHl-plasma,  and  the  quantity  in 
both  veuoit-^  and  arterial  blcKKl  is  praeti<*ally  the  same.  Its  presence  and  quan- 
tity are  not  of  pbysioIi)^'ieal  impi^rtaui-e.  Argon  has  lw»en  found  in  the  bhuMl 
of  the  horse  by  Reguaixl  and  Th.  Schlosing  S*jbii.* 

The  Interchangre  of  O  and  CO.^  between  tJie  Alveoli  and  the  Blood. — 
Ix^t  us  now  inquire  into  the  factoi-s  which  bring  about  the  |):»sauge  of  ()  fi-om 
the  alveoli  to  the  bliMwl  and  of  COj  from  the  blood  to  the  alveoli.  If  we  have 
two  mixtuiv5  of  the  same  gases,  but  in  unlike  proportions,  and  sc|)anite  them 
by  means  of  an  animal  membrane,  difibsion  will  occur  through  the  mend>rane 
until  the  (»artiul  pressures  of  the  two  gases  are  the  same  on  the  two  sides  of  tlie 
membrane.  Now  nKxlify  this  expt»riment  by  bringing  an  atmosphere  of  air 
in  contact  with  water  containing  O,  CO,,  and  X  in  solution  or  in  chemical 
oombination :  if  the;  piu'tial  pressure  of  O  in  the  air  be  greater  than  the  teitsion 

'  Erper.  Untermch.  u.  d,  Sttuenttofnau/Hakine  <L  Blut/ar^t^a^  Kopcnhagen,  1886 ;  Beitt^i^  cur 
Ph^tiolwfy,  Ft-iUiKhr.  f.  C.  Luflwig,  1H87,  pp.  ItU-174. 

■  Oomiptf*  rendMM  dt  C  Aead.  du  5feu  1897,  L  124,  p.  302. 
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of  O  in  the  water,  O  will  pass  to  th«  water;  if  the  partial  pressure  of  CO^  in 
the  air  be  lesrf  than  tlie  tciision  of  CXJj  in  the  water,  CJO3  will  jians  to  tl»e  air. 
If  now  we  ink'fjKise  an  animal  membrane  between  the  atniaspliero  and  the 
water,  the  interchange  of  gases  will  conttnne  as  before.  In  this  caae  we  have 
conditions  analogous  to  those  which  exist  in  the  living  organism :  In  the  alveoli 
there  is  an  atmosphere  consisting  of  O,  CO;,,and  N  ;  each  gas  is  under  a  [>ar- 
tial  pressure  pnjpurtioiial  t-o  its  volume  p^r  eent.  of  the  mixture;  tlie  pul- 
monary membrane  and  the  walls  of  llie  eapillaries  may  be  regarded  as  a  simple 
animal  menibrane  .'separating  tlie  air  in  tlie  alveoli  from  the  l>looil ;  finally,  the 
blooil  eoutnins  O,  COj,  and  N,  each  of  which  exists  under  a  delinito  and 
independent  degree  of  tension.  Whether  or  not  any  or  all  of  these  gases  will 
pjiss  in  iMie  direetioii  or  the  olh<T  must  obviously  depend  upon  the  e<mditions 
of  [lartial  pressure  and  tension  of  each  gas  on  the  two  «ides  of  the  niembraue. 
The  tension  of  O  in  venous  bloody  as  above  stated,  ts  22.04  millimeters  of 
Mgy  and  of  CO^,  41.04  millimeters.  What  are  tfie  partial  pressures  of  these 
giises  in  the  alveoli  ?  The  preci:?e  pressures  are  not  known,  but  it  is  esti- 
mated that  the  partial  pressure  of  O  is  about  lOU  milHmetcrs,  and  of  COj 
about  23  millimeters. 

Comparing  the  partial  pressures  and  the  tensions,  as  generally  accepted, 
of  these  two  gjises  in  the  alveoli  and  the  1>1{hk1  respectively,  it  is  obvious  that 
the  conditions  on  the  two  sides  of  the  membrane  are  favorable  to  the  diflunnn 
of  O  and  CXX,  and  in  definite  but  opposite  directions.  This  is  illustrated  in 
the  following  diagrammatic  presentation  : 

0.  ro,. 

Tartml  prcsftiiree  inalveotnr  air 100.00  23.00 

l^iimonary  membrane r t 

Tensions  in  venous  blood 22.04  41 .04 

Since  gases  diffusa?  from  tiie  |>oint  of  higher  pressure  or  tension  to  that  of 
lower  pressure  or  tension,  O  piisst's  from  tlie  alveoli  to  the  blood,  wliile  CX)| 
passes  from  the  blood  to  the  alveoli. 

It  is,  however,  impt>saible  under  certain  conditions,  and  possibly  under 
ordinary  e<mditions,  to  account  for  the  transmission  of  all  of  either  the  O  or 
the  f'Oj  by  the  laws  of  dilFusion.  Bohr'  foun<l  in  experiments  upon  dogs 
that  the  tensitm  of  oxygen  in  arterial  blood  is  almost  invariably  higher  than 
the  partial  pressure  of  oxygen  in  the  luDg.s,  and  in  some  instances  wmsider- 
ablv  highi^r.  His  records  a'^  reganis  CO.,,  while  lacking  uniformity,  are  of 
like  import,  and  indicate  tliat  the  tension  of  (.'Oj  in  the  blootl  is  lower  than 
the  partial  pressure  of  this  gas  in  the  Inngs.  Although  Bohr's  results  have 
met  witli  inunh  adverse  criticism,  they  have  received  substantial  support  in 
the  recent  researtdics  of  Haldane  and  Smith*  on  mice,  birds,  dogs,  and  other 
animals.  They  found  tliat  the  nonnal  oxygen  tension  in  arterial  blotnl  is 
alwavs  higher  than  in  alveolar  air,  and  they  were  consequently  led  to  conclude 

>  Shmdinatiathes  Arehiv/Sr  Phifnolo^e,  1891.  Bil  ii.  S.  236. 
^Joumni  0/  Phytwlogy,  1897,  toI.  xxii.  p.  231. 
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that  the  transmission  of  O  between  the  jilveoli  and  the  hlood  eannot  he  satiK- 
fnetortly  exj>lnin<'<l  hy  mere  dift'tision.  Moreover,  about  twiee  a.s  niueh  urn;on 
exists  in  Kuhition  in  tfie  blood  pUtsma  as  ean  be  accounted  for  by  physicral 
laws. 

FaetH  of  this  kind  are  explir^ahlr  on  the  hypothesis  tlmt  tlie  living  tifwue^ 
are,  as  coMloinled  by  Ln<l\vig,  Bolir,  an<l  othei>,  uetively  engagc^l  in  the  proc- 
ess, but  our  knowledge  is  as  yet  too  incomplete  and  contradictor}'  to  justify 
lis.  aeceptance.  lentil,  therefore,  we  are  in  possession  <)f  the  result.'^  of  further 
research  we  are  jiistiliL-d  in  the  belief  that  tlie  inlen-han^'  of  O  and  t'Oj 
between  alveoli  and  blood  is  duo  to  pliysical  and  eheniirat  factors,  diflusion 
bein^  most  important,  and  tlmt  it  may  be  |>ossible  that  the  living  tissues  take 
some  active  pari. 

The  Forces  Concerned  in  the  Interchange  of  O  and  CO,  between  the 
Blood  and  the  Tiasuee. — Itmamerable  facts  show  tlifU  tlie  cliief  seat  of  the 
chenii(^il  proci-ssi-s  in  tlie  biMly  is  in  the  tissues,  and  that  the  decom]>ositioiis 
are  essentially  of  an  oxidizing  character  whereby  CO,  is  formed  as  one  of 
the  m«>st  ini[M)rtant  etlete  protlucts;  consequently  the  blood  as  it  is  carrie<i 
throuf^h  the  esipillaries  gives   up  O  and  receives  (IX),. 

£x[>erirneiit.s  sliow  that  the  tissues  exeit  a  strong  I'educing  action,  and  that 
their  avidity  for  O  is  so  great  that  they  will  take  it  up  at  extremely  low 
pressures.  Moreover,  never  more  than  mere  traces  of  O  can  be  obtained 
from  tlie  tis*^ues,  l>e('ause  the  gas  ujk>u  its  aliHorption  inimctlinlely  enters  into 
chemical  eonibinatioQ. 

The  tension  of  CO.^  in  the  tissues  is  considerably  hiirher  than  in  bLxnl. 
Strassburg,'  in  a  loop  of  iutestiue  into  which  he  injected  atmosphenc  air,  found 
that  the  tension  was  58.52  millimeters  of  Hg,  which  is  considerably  greater 
than  in  either  arterial  or  venous  blocKl.  Thus  we  find  that  the  tension  of  O  in 
the  tissues  is  »i7,  owing  to  the  avidity  with  which  substances  of  the  tissues 
combine  with  the  piis,  and  its  chemical  fixation  ;  while  that  of  ("(),  is  very 
high.  Compjirin»j  the  teusitms  of  these  two  gases  in  the  bhxMi  and  the 
tissues,  it  will  be  observe*!  that  there  are  present  <*omlitions  which  are  highly 
favorable  to  the  passage  of  O  to  tlie  tissues  and  t>f  COj  iu  tlie  rcvei-so  diixsctiou : 

O.  00,. 

Tennioiu  in  nrtorial  blood 29.M  21 .28 

B)oodve6fi«I  walla — I + — 

Terwions  in  liiwiies 0.00  '  SCSS 

It  is  manifest  from  the  al)Ove  that  O  should  pass  from  the  blood  to  the  tissues, 
and  fX),  from  the  tissues  to  the  bloo*!. 

The  lymph  is  pn)bably  merely  a  [Missive  me<lium  in  this  interchange.  It 
contains,  atx-f^nling  to  Hammarsten,  only  traces  of  O,  fn^m  37.6  to  47.1  vol- 
umes i>er  ccMit.  of  (*<),,  and  from  1.1  to  1.63  volumes  per  cent  of  N.  The 
mean  percentage  of  CO,  is  lower  than  in  serum,  but  Gaule  has  shown  that  the 
tension  is  liigher.     Doubtless  the  same  relations  hold  good  for  the  phisuia  and 

>  LoceiL 
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the  blox],  BO  that,  notwithHtaDding  a  smaller  vulume  per  cent,  of  CO,  in  the 
lyraph,  CX3j  passes  to  the  bltxxl  be«iuso  of  the  higlier  tension  in  the  lymph. 

Extraction  of  Gases  from  the  Blood. — We  liave  found  that  in  the  blood 
Ixith  O  and  CO,  exist  partly  in  solutiaii  and  partly  in  chemical  combination. 
The  portion  in  sohition  comes  off  rcguhirly  with  a  diminution  of  pressnre, 
but  that  which  is  in  chemical  combination  remains  so  until  the  pressure  is 
reduced  to  the  level  of  the  tension  of  dis.«o^iation.  Since  there  are  several 
of  these  combinations,  such  as  O  in  oxyhajmoj^hibiu  and  CK),  in  carbonates, 
bicaHwnates,  etc.,  portions  of  eacli  of  the>=e  ga>?e«  come  off  at  different  press- 
ures in  acconlance  with  ihcir  different  tensions  in  the  several  chemical 
combinations.     The  portions  in  solution  may  be  removed  by  the  use  of  an 

onlinary  air-pump,  but  those  in 
ohcmiral  combination  are  held  so 
firmly  that  the  mure  powerful  mer- 
curial pump  is  required,  A  con- 
venient pump  of  this  kind  has  been 
devisetl  Ijy  Dr.  Geo,  T.  Kemp,  the 
description  of  wliioh  he  gives  as 
follows  ; 

"  To  use  the  pump  the  reservoir 
bulb  Bb  (Fig,  74),  the  bulb  /,  the 
cylinder  SR  and  s'r\  and  the  ves- 
sel Fare  tilled  with  mercury.  When 
the  bulb  Bb  is  raised  the  mercury 
rises  in  the  tube  AC  and  fills  B^ 
driving  the  air  out  by  the  path 
FHOPj  the  stopcock  Q  being  closctl. 
When  Bb  is  lowered  again  the  mer- 
cury' flows  back  from  B  into  Bb^ 
creating  a  Torri^-ellian  vacinmi  in 
B.  As  si>on  as  the  mercury  ha» 
fallen  Vx-low  the  joint  D,  this 
vacuum  in  B  be<>omes  connected 
by  the  path  DEO   with   the  tubes 

TOVa'l"  and  the  tiil>e  tMi'y.V,  and 
Fio.  74.-K(<iDp*8  B»  pomp.  .  1x1.  1      ■ 

thence,  when  the  stopcock  is  o|>cn, 
with  the  vessel  to  be  exhausted.  The  air  in  this  then  diffiises  to  fill  the 
vacuum  in  B,  an<l  becomes  rarefied,  so  that  the  mercury  rises  fmm  the  cylin- 
ders SR  and  S^R*  in  tlie  outer  tubes  TG  and  'I^'o',  The  small  innur  tulles 
HO  and  fi'O'  are  made  bo  high  that  even  when  there  is  a  eomplete  vacuum  in 
the  outer  tubes  TO  and  T'G'  the  mercury  will  not  rise  high  enough  to  c*)ver 
them. 

"On  raising  Bb  again  the  mercury  rises  in  AC^  and  as  soon  as  the  joint  />  i» 
oovertNl,  all  the  air  w^hich  has  been  caught  in  J?  is  forced  out  by  the  path  FHOP^ 
Each  time  the  bulb  Bb  is  raised  and  lowered  a  certain  amount  of  air  is  ex- 
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tructed  from  the  receiver,  until  iiually  a  vacuum  is  produced.  In  a  similar 
way,  when  the  i-eceiver  counected  with  ihe  pump  at  Z  eontainn  any  g:as  which 
we  wirfh  to  analyze — as,  tor  example,  tlie  gases  given  oft'  by  the  biood  in  a 
vacuum — we  put  a  eudiometer  {En)  over  the  bend  of  the  tube  at  /*,  which,  of 
courpc,  is  always  tinder  the  mercury,  and  wllect  the  gases  as  they  are  forced  out. 

"The  extraction  of  tlie  last  traces  of  gas  by  raising  and  lowering  J76  is  a 
very  tedious  and  laborious  process,  so  that  the  final  extraction  of  the  gases  can 
best  he  atxTomplislied  by  tlie  Sprengel  pump  UKLMNIJOP,  The  bulb  and  stop- 
cock UK  are  made  separate,  as  nhown  in  the  figure,  and  are  connected  with 
LAfy  by  a  piece  of  rubber  tubing,  the  whole  Iwnng  under  mercury.  This  is 
aocomplished  by  (he  bend  JKLM,  which  is  mutle  so  us  to  allow  a  narrow  wotxleo 
box  fillet]  with  the  mercur}'  to  Ix?  slipped  up  over  the  bend  high  enough  to 
cover  the  stojKock  and  thus  prevent  letikage  of  air.  The  same  arrangement  is 
shown  at  A",  an<i  is  indicated  by  a  dottetl  Hoc  in  each  instance.  When  the 
8top<?ock  K  is  openetl  the  mercury  flows  in,  dnips  down  the  tul>e  XUOP^  and 
extracts  the  gas**i  at  II  in  the  well-known  manner  of  tlie  Spreiigel  pump.  The 
large  bulb  is  for  rapid  exhaustion  down  to  the  last  few  millimeters  of  prt^ssurcj 
the  rest  being  atvoniplishwl  more  slowly  but  umva  |)erfectly  by  the  Sprengel. 
In  extracting  blood-gases  the  oxygen  is  given  otf  suddenly  and  ihe  OO3  slowly. 
The  great  desideratum  ia  to  keep  the  tension  of  the  gasts  in  the  blf>od-e[mmber 
down  a.s  near  zero  as  {Hissiblc — certainly  Ih-Iow  2i)  n^illinictei's  of  Hg.  This 
is  readily  done  with  ihe  lai^  bulb  when  the  O  is  ev<Jved,  while  the  Sprengel 
is  able  to  remove  the  CO^  as  it  is  given  off,  thus  obviating  the  continued  rais- 
ing and  lowering  of  the  re8er\'oir  bulb," 

The  gases  collected  are  driven  through  tlie  tube  P  into  a 
eudiometer  previously  tilletl  with  luereury  and  inverted. 
The  eudiometer  (Fig.  75)  is  a  calibrated  tube  in  which  the 
gaseri  are  measured.  In  thi*  upper  jttirt  of  it  arc  two  plati- 
num wires  by  means  of  which  an  elwtric  spark  is  brought 
in  contact  M'ith  the  gases.  Hydrogen  is  introduced  into  the 
eudiometer  in  d<'finite  (|niintitv  (more  than  sufficient  to  com- 
bine with  all  of  the  O  to  form  II^O),  and  a  sjiark  is  gen- 
erated between  the  emls  of  the  platinum  wires,  causing  the 
Oandllie  H  to  combine.  The  diminution  in  volume  is  now 
noted,  one-thinl  of  wliieh  diminution  is  Hjunl  to  the  total 
volume  of  O  obtaiiK^l  from  the  >ani|)le  of  bliHxl.  The  c|uan- 
tity  of  CO,  may  be  estimated  by  introducing  into  the  eudi- 
ometer a  piece  of  nioistenotl  fns«xl  potiissium  hydrate,  which 
absorlxs  the  CO,,  forming  iKjtassium  carbonate.  The  Kiss  in 
volume  is  the  volume  of  CXX  obtained  from  the  blood.  The 
residual  ga»*  consists  of  N  and  H,  the  latter  l>eing  tlie  excess 
not  curnbiuMl  with  O.  The  total  tpiantity  of  H  intnMluccd 
being  known,  and  also  the  quantity  whidi  combined  with 
O,  the  diflcrenee  is  (h-^hicted  from  the  volume  N  and  H,  the  remainder  l)eing 
the  volume  N.     Accurate  aualysis  necessitates  correctioius  tor  temperature,  for 


Fio. 


-EDtllometcr. 


422 


AK  AMERICAN   TEXT-BOOK   OF  PHYSIOLOGY. 


tension  of  aqueous  vapor,  and  for  atmospheric  pressure,  as  well  aa  attention  to 
the  many  details  connected  with  gas-analysis. 

Cutaneous  Respiration, — In  frogs  tho  skin  is  a  more  important  respi- 
ratory or^ii  than  the  lunpn,  as  is  illustnitH]  l)y  the  lact  that  asphyxia  is 
more  rapidly  produced  by  dipping  the  animal  in  oil,  and  thus  preventing  the 
interchange  of  O  and  CO^  thmugh  t\\v  skin,  than  hy  ligalnre  of  the  trachea  ; 
moreover,  the  investigations  of  Kcgimult  and  Reisct  show  that  in  these  animals 
nearly  the  same  quantities  of  O  are  absorbed  and  CO3  eliminated  after  the 
lungs  are  excisetl  as  in  tlie  intact  animal.  In  man  the  rf;verse  is  the  case,  the 
cutaneous  interchange  L>eiDg  insignificant  as  compared  with  that  in  the  lungs. 

The  quantity  of  C(X  exhaled  throngli  the  skin  during  twenty-four  hours 
has  been  estiuuitetl  by  diflei'cut  observei-H  from  2.23  grams  to  as  nuich  as  32.08 
granvs.  Oompaivd  with  pulmonary  interchange,  the  ratio  of  O  absorbed  is 
probably  aljcHit  I  :  100-200,  and  of  iX\  eliminated,  1  :  200-250. 

Cutaneous  respiration  is,  as  a  rule,  subject  to  the  same  circumstances  that 
affect  the  intercljange  t[)  the  hings,  and  \sy  acconiplished,  mon^ovcr^  in  tlie  same 
way.  In  some  instances,  howevcPj  it  is  influenced  in  the  oppcisite  dire<^iion  ; 
for  JURtancc,  it  is  increased  by  eircumstanees  that  hinder  pnlmonar3'i*espiration. 
Cutaneous  respiration  is  favored  by  moif^t  skin,  and  Ronchi  found  that  it  was 
iucreasetl  by  higher  external  toinperatnrc. 

Internal  or  Tissue-respiration. — The  niairj  object  of  the  respiratory  mech- 
anism is  (o  supply  the  oi-ptnism  with  O  an4l  t<i  iviiiove  the  < 'O^  rt«inlting  fiijin 
tissue-activity.  The  organism  may  bo  regarded  as  an  aggregation  of  living 
cells,  each  of  whicli  during  life  consumes  O  and  gives  off  CO,.  Activity 
depends  essentially  ujKin  pniccsses  of  oxidation  ;  consequently,  not  only  is  oxi- 
dation nocessjirv  for  existence,  but  the  quantity  of  O  abntrbud  must  beau*  a  direct 
rulalion  to  the  dcgiv**  of  activity.  The  avidity  of  the  different  tissues  for  O 
varies  greatly,  and  the  diftereuces  are  doubtless  expressions,  broadly  speaking, 
of  the  relative  intensities  i»f  their  respiratory  pnK'cs'^^.  Quinrpuuid  ^  records 
the  following  alis<-«rption-<'!ij>acitIes  of  100  grams  of  each  tissue,  submitted  for 
three  hours  to  a  temperature  of  38°  : 


Muscle '23  c.c. 

Heart 21    " 

Brain 12   " 

Liver 10    " 

Kidney 10    " 


Spleen 8 

LiingB 7.2 

Adipose  tisane -  6 

Bnne h 

BloiHi 0.8 


The  quantity  of  QQ^  formed  in  each  case  wa«  approximately  proportional  to 
the  qnantity  of  O  al)sorl>e<l.  The  I'espiratory  value  of  bhuKl  is  doubtless  too 
low.  The  bloo<l  is  not  merely  a  carrier  of  O  and  CO3  to  and  fmni  the  tissues, 
but  is  itself  the  seat  of  active  disintogratious  which  involve  the  consumption 
of  O  and  the  production  of  CO3  and  other  effete  matters.  Liidwig  and  his 
pujuls  lonjLT  a^o  sliowe<l  that  when  readily-oxidiwdde  pul)9tances,  such  as  lactate 
of  sodium,  are  mixed  with  the  blootl,  and  the  bkHxl  is  transfused  through  the 
luDg8  or  other  living  tissues,  more  O  is  consumed  and  CO,  given  off  than  by 

■  Qmpta  rendva  <U  h  Soeiiti  dc  hiologit  (9),  1890,  2,  pp.  29,  30. 
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blootl  free  from  tliem.  These  ivsulta  have  l>eeii  substaDtiated  by  the  recent 
resoai'chos  uf  Bohr  and  Ht-uriquez' ou  dogs,  whose  experiments  liave  further 
Bhown  that  a  considoniblc  jKirlion  ^f  O  may  disappear  a*^  a  result  of  prooesses 
otvurring  in  the  bltx>«l  dnrtiig  its  piiKsag«  tfjrouglj  the  lungs,  and  a  hirge 
Amount  of  COj  be  formed  as  one  of  the  products.  Thus  they  found  that  con- 
siderably more  O  WHS  al)sorl)ed  frfun  the  \m\^  ihau  rouhl  l>e  pumjM^d  from  the 
blood,  and  that  mure  CO,  \va.s  given  to  the  air  in  the  lungs  than  was  lost 
by  the  venous  blood.  They  believe  that  the  tissues  Jeliver  to  the  blotxl  par- 
tially-oxidized sul)8iant;es  whieh  undei-gt)  a  final  splitting  up  when  the  bhvxi 
reaches  the  lungs.  \^  this  l>e  so,  the  respimtory  eiipacity  of  the  bloml,  apart 
from  its  capacity  as  a  carrier  of  0  and  CO3  to  and  from  the  tissues,  must  be 
considerably  greater  thai»  in<lif';it<'<l   by  Quinquaud's  figures. 

The  chief  chemical  product  of  the  oxidative  deoomponitions  in  the  blood 
and  tissues  is  O), ;  but  the  quantity  of  O  absorbed  is  not  necessarily  related 
to  the  amount  of  CO,  eliminated  ;  that  is,  during  a  given  interval  the  quantity 
of  O  may  be  out  of  pro])ortinn  to  the  elimination  of  CO,,  and  viee  vn-H/t, 
Thus,  in  a  mus('le  during  n^t,  at  normal  ixT4lily  tom|wratun»,  the  <*orisunij»tion 
of  O  is  greater  than  the  elimination  of  CX)j,  while  during  activity  the  pn>por- 
tion  of  CO3  to  O  increases  and  nmy  exw-etl  that  of  O.  Rubner's'  ex|>enmetits 
on  the  resting  musrle  at  various  tempcnitun*s  accentuate  the  iait  that  the  for- 
mation of  CO,  may  be  independent  of  tlie  quantity  of  O  alisorbed.  Thus,  at 
8.4°  the  respiratory  quotient  wa.-^  3.28  ;  at  28.2°,  1.01  ;  at  33.8*^,  1.18 ;  and  at 
38.8^,  0.91.  The  high  n's])imtory  quotient  at  low  temperatures  is  to  be 
explained  partly  by  direct  oxtdatifm  and  partly  by  infranuth*cular  splitting, 
which  is  inde|K'ndcnt  of  oxidation.  It  is  pn»l>ab]e  that  during  ri-st  ()  is  util- 
i«!*l  to  some  extent  in  oxi^lations  which  arc  not  at  once  carried  to  their  final 
stage  and  in  which  relatively  little  Ci\  is  formed  ;  heiirc  during  activity  cora- 
poratively  little  O  is  requiretl  to  «iuse  a  final  disintegration  of  the  now  |>ar- 
tially  broken-down  sulwtances,  and  thus  l4>  give  rise  to  a  relatively  large 
formation  of  C^^  (See  Eflects  of  Miis^cular  Activity  on  Respiratiou  and 
Metabolism  of  Muscle,  etc.) 

0.  The  Rhythm.  Frequency,  anb  Depth  of  the  Respieatory 

Movements. 

The  Rhythm  of  the  Respiratory  Movemente. — During  normal  breathing 
the  respiratory  movements  follow  each  other  in  n*gtilar  sequence  or  rhythm. 
Various  instruments  have  l>een  devised  for  the  study  of  these  movements 
in  man ;  the  form  most  conimonly  usctl  is  the  stcthograph  or  pneumo- 
graph of  Marey.  The  respiratory  movements  are  rommunieated  by  a  system 
of  levers  to  a  tiimlx)ur,  them*e  through  a  rubl>er  tulw  to  a  second  tan»lM»ur 
having  attache<l  a  lever  which  records  upm  a  moving  8urfa<'e.  In  animals 
a  tnichcal  caiuiidu  or  tube  (p.  4-16)  is  usually  insertetl  into  the  tnirhc:!.  anil 
a  tube  is  led   from   it  to  a  recording  tambour.      In  case  the  movcmcntfi 

»  Cnmpta  rmtiH*,  1892.  t  114.  pp.  M96-09. 

*  DuBou-Re^fmonttt  Artkiv  fur  Phytudof/U,  18fili,  6.  38-M^ 
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of  the  ribe  are  especially  to  be  studied,  tlie  ^ietliugraph  may  be  employeti; 
if   the    movemeutB    of   the    diaplii*ugm,    a    loDg    probe    may    be    inserted 

tlirough  the  alxloiuinal  walls  so  that  one  end  rests  between  the  liver  and  the 
diaphragm  and  the  otiier  end  conneot>i  with  a  recording  lever,  the  alxlominal 
walls  serving  as  a  fulorum.  A  tracing  obtained  by  one  of  the  above  methods 
sliows:  (1)  That  inspiration  passes  into  expiration  without  an  appreciable  in- 
tervening pause;  (2)  that  inspiration  is  shorter  than  expiration;  (3)  that  the 
curves  of  Inspiration  and  expirutiim  difler  in  certain  characters.  The  relative 
periods  of  inspiration  and  expiration  vary  with  age,  sex,  and  other  coDditiona. 
The  inspiratory  pha>ic  is  shorter  relatively  in  women  than  in  men,  and  in  chil- 
dren and  tlie  aged  than  in  tlir^so  of  middle  life.  The  length  of  inspiration  as 
compared  lo  expiration  is  subject  to  variations,  but  these  relations  are  afiected 
chiefly  by  disease  and  by  other  abnormal  conditions.  After  section  of  the 
pneumntj^astrie  ner\'es,  and  in  dist^swl  conditions  which  narrow  any  part  of  the 
air-jKissages,  inspiration  is  longer  than  expiration,  while  in  emphysema  the 
expiratory  phase  is  prolonged.  The  relative  perioils  o<'cupied  by  inspinttion 
and  by  expiration  in  the  adult  differ  according  to  various  observers;  at  one 
extreme,  the  ratio  acconling  to  Vierordt  and  Ludwig  is  10;  19—20,  and  at 
the  other  extreme,  acconliiig  to  Ewald,  11:12.  A  mean  ratio  is  5 : 6, 
Rennebaum  found  that  the  expiratory  phase  is  relatively  prolonged  by  an 
increase  in  the  respiration-rate,  the  ratio  l>cing  9:10  at  13  respirations  |)er 
minute,  and  9  :  13  at  46  per  minute.  In  the  new-born  the  ratio  is  1 :  2-3. 
Mosso  found  that  during  sleep  the  inspiratory  phase  is  lengthened  one-fourth. 

Inspirdtion  is  more  abrnj^l  than  expiration,  the  lever  moving  more  rapidly 
during  inspiration  than  dnrlng  expiration  ;  consequently  the  curves  differ  in 
character.  We  may  volitionally  affect  the  rhythm  and  the  various  phases  of 
each  respirator)'  act, 

A  pause  may  exist  between  expiration  and  inspiration  (expiratory  pause) 
when  the  respirations  arc  abnormally  infrcqurnt.  In  tML^rtuin  discards  an  inter- 
val may  be  observed  between  inspiration  and  expiration  (iuspiratoiy  ]iause). 
8omc  observers  look  upon  the  nearly  horizontal  i>art  of  the  respiratory  curve 
as  a  record  of  a  pause,  but  an  examination  of  tnir-ings  of  normal  respirations 
shows  that  one  phase  pa-sses  into  tlie  other  without  an  appreciable  iuter\*al. 

The  n*spiratory  acts  while  we  arc  awake  and  quiet  arc  rhytljinio;»l,  but  this 
rhythm  is  more  or  less  disturl)ed  during  sleep,  esj)ccially  in  young  children 
and  in  the  aged.  In  the  latter  there  may  not  only  be  an  inetf-ularity  in 
the  tinic-iutervals  l^etweeu  successive  acts,  l)Ut  occasionally  long  expiratory 
pauses,  giving  the  movements  a  peculiar  periodical  character.  In  the  so-called 
'*  Chcvuc-Stokes  respiration  **  the  rhvthm  is  givaily  distnrl»ed.  This  type  is 
characterized  by  groups  of  respinttury  movements,  «tch  group  being  separated 
from  the  preceding  and  succeeding  ones  by  more  or  less  marke<l  pauses.  The 
first  respiration  in  each  grtmp  is  very  sliallow  and  is  followe<l  by  movements 
which  successively  become  deeper  and  doc?]>er  until  a  maximum  is  reached; 
then  the  successive  movements  become  mort*  and  more  shallow  and  tinally 
Each  group  commonly  consists  of  about  10  to  30  respirations,  and  ia 
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trated  from  the  pret-etiing  and  suooeeiling  groups  by  a  variable  interval, 
asually  30  to  45  sc<?ont]a.  TliLs  iVtrm  oi'  R'>pirutit)U  is  frw^ueiitly  ub^rvwl  in 
unemia,  atler  severe  heniorrliagv,  and  in  ctTtaiti  diseases  of  the  heart  and  bnuin 
Periodical  alterations  in  the  respii-atory  rhythm  may  be  oljserved  in  tiie  last 
stages  of  asphyxia,  in  jtoisoning  by  chloral,  opium,  curare,  and  digitalis,  in  cer- 
tain septie  fevers,  in  f^rtaln  animals  during  bybernatiou,  ete.  In  the  human 
organism,  excsepliug  during  sleep  and  in  the  iiged  and  the  very  young,  such 
non-rhythmieal  respirations  ai'e  always  indicative  of  abnormal  conditionfl. 

In  warm-b!oo(Ip<i  animals  the  n^JvemenLs  are  g*!nerally  of  a  mueh  more 
rhythmical  character  than  in  ct)ld-bIoodtxl  animals. 

The  Frequency  and  Depth  of  the  Bespiratory  Movements. — The 
respiratory  rate  is  afl'ectetl  by  ti  nnndx  r  of  ("ondititHis,  clnefly  p|>ccnes,  age^ 
posture,  time  of  day,  digesliou,  activity,  ititetual  and  external  temj>erature, 
seaBOD,  barometric  pressure,  emotions,  the  comivoeition  of  the  air,  the  composi- 
tion of  the  blixMi,  the  state  of  the  nispirat^iry  centres  and  nerves,  etc. 

The  following  iignrcs,  compilwl  fnmj  various  sources,  indicate  the  wide 
difl'erences  in  various  specU'n,  the  rates  l>eing  per  minute : 


Horee ft-10 

Ox lft-15 

Sheep 12-20 

Dog 16-25 


I     Pig        .....  1.5-20 

Man 16-24 

,     C*t 20-30 

'     Pigeon 80 


Rabbit  ....  50-60 

Sparrow    ...  DO 

GuiDcapig  .    .  100-150 

B*l 100- 200 


The  average  rate  in  man  varies  according  to  different  investigators,  from 
ILO  by  Yierordt  to  19.3;3  by  Ruef.  HutchinHon  noted  16-24  jx^r  minute  as 
a  mean  of  2000  observations.  There  is  a  general,  but  not  an  absolute,  rela- 
tionship between  the  rate  and  the  Kize  of  the  bodtf,  as  regards  both  different 
8|»ei.'its  and  diffl'rent  individuals  of  tho  same  sjtecies:  as  a  rule,  the  smaller  the 
species  the  more  trequcnt  the  respirations ;  the  same  holding  good  for  indi- 
vidnals  of  the  same  species. 

The  marked  influence  of  ar/e  is  illustrated  by  the  nxwrd.s  of  tiie  observa- 
tions by  Quetelet  on  300  individuals: 

RatF  per  Mtnnle. 
Afcv .  Maxlmam.       Minimum.  Voaa. 

>'ew-born TO  23  44 

1-  5  yeara 32  .  .  26 

15-20     *'        24  16  20 

20-25     "        24  14  18.7 

25-30    "        21  16  16 

30-50    "        23  U  18.1 


Potiure  exerts  a  marked  influence,  especially  in  those  enfeebled  by  disease. 
Guy  records,  in  normal  individuals^  13  while  lying,  19  while  sitting,  and  22 
while  standing. 

The  diunxal  changes  are  in  cloee  accord  with  those  of  the  pulse-rate  (p.  121), 
The  rate  is  less  frequent  by  abrmt  one-fourth  during  the  night  tlian  during  the 
day,  and  more  frequent  after  meals,  es|Kvially  after  the  midnlay  meal.  Vier- 
onlt  noted  the  following  variations:  9  a.m.,  12.1  ;  12  M.,  11.5;  2  p.m.,  13; 
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7  P.M.,  11.1.     Guy  givea  the  mean  rate  in  the  morning  ae  17  and 


111 


the 


ev 


ening 
Til 


luslS. 


he  rate  iiicreaiseri  with  an  mert'iLse  lu  viu^cular  adivdy  (p.  121). 

Changes  in  czterTuU  (surrounding)  temperature  have  very  little  iuflueuce. 
Vierordt  noted  a  rate  of  12.16  at  8.47°  C.  and  one  of  11.57  at  19.4°  C.  and 
that  an  incntasp  of  eaeh  degree  C.  inen^ases  tlie  pTUHl  of  each  respiration 
about  ijJfj til,  thns  h'Srieriiri^  the  rate.  Alterations  (>f  hikmal  temperatun'  are 
assooiated  witli  ruark<j<l  ch:in;r('H,  as  is  well  ilhistratrd  in  the  increase  in  the 
rate  observed  in  fevers,  whieh  Inerease,  in  turn,  is  closely  related  to  the  rise 
in  the  pulse-rate  and  the  hwly  temperature. 

(Season  is  not  witliont  il.s  inflntnce.  In  the  spring  the  rate,  according  to  E. 
Smith,  is  32  per  cent,  greater  tlian  at  the  end  of  summer. 

Ortlinarv  changes  in  atmoHpheric  prextfurf  extort  no  inffiicnf*',  Uiit  under  con- 
siderable variations  the  rate  rise:^  aud  falls  inversely  with  thi"  pix'ssiire. 

The  frequency  of  the  respirations  may  be  profoundly  affected  by  our  emO' 
tions  and  by  our  wifL  Mental  excitement  may  increase  or  deerrast?  th**  rate, 
and,  aa  is  well  known,  we  may  greatly  modil'y  not  iinly  the  rate,  but  ulno  the 
depth  and  the  rhythm  of  tlie  movements  by  volitional  elfort. 

If  the  composition  of  the  iitaptrvd  air  becomes  so  altered  that  O  falLs  below 
13  volumes  |xir  cent.,  the  i-espirations  are  incTcjt^d  in  frerjucney  and  in  depth. 
In  the  .same  way,  if  the  blood  becouies  deficient  in  O  or  overcharged  witli  CO,, 
movements  of  respiration  are  increased. 

Excitation  and  depression  of  the  retqvraiory  cenivea  and  tiervejt  tlirough  the 
agency  of  operutionsj  disca.sc,  jioisons,  etc.  eflcct  cluuigea  in  the  respinitory  rate. 

The  rcUe  and  the  depth  of  tlie  respirations  bear  generally  an  inverse  relation 
to  eacli  other:  the  greater  the  rate  the  less  the  depth,  and  vice  ver»d ;  but  the 
quantity  of  air  respired  during  a  given  j)eriod  docs  not  necessarily  bear  any 
direct  relation  to  eidicr  tlie  rate  or  the  depth  alone,  but  rather  to  both. 

A  gineml  relationship  exists  between  tiie  fivquen<y  of  the  resipirations  and 
the  pulfto-rate.  Com[«in.sons  of  a  large  number  of  observations  by  different 
investigators  give  a  ratio  at  twcnty-tivc  to  thirty-five  years,  1  :  4-4.5 ;  at 
fifteen  to  twenty  years,  1  :  3.5 ;  at  six  weeks,  1 :  2.5. 


* 


D.  The  Volumes  of  Air.  O,  and  CO,  Respired. 
During  quiet  ref^j>irjition  thei-e  o^rnrs  an  inflow  and  outflow  of  air,  desig- 
nated tidal  au\  equal  (o  about  500  cubic  centimeters,  or  30  cubic  inches.  The 
volume  of  expired  air  is  a  little  in  excess  of  insptrcfl  air,  owing  to  the  cxpau- 
aion  caused  by  the  inrreiwe  of  tem()erature,  although  the  actual  volume  Ls  leas 
(p.  410).  The  volume  of  air  n^pirwl  during  ea<'h  rt^piratiou  bears  generally 
an  inverse  relation  to  the  respiration-rate,  and  is  affected  by  the  position  of  the 
IkhIv;  thus,  if  in  the  lying  posture  the  volume  be  1,  when  sifting  it  will  be 
1.11,  and  when  standing  1.13  (Hutchinson).  Besides  the  term  tidal  «iV, 
others  are  used  to  express  definite  volumes  associate*!  with  the  capacity 
of  the  lungs  under  certain  circumstances.      Thus,  Hutchinson  distinguishes 
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eompirmenlal  air,  or  the  volume  that  can  \w  inspired  after  the  completion  of  an 
oiiiinurv  iu^pirutiou  (1500  cubic  centimeters);  resenr  or  mipplnnenial  air,  or 
the  vohirae  that  can  be  expelled  nfter  an  ordrnarv  expiration  (1240-1800  cubic 
centimeters);  residiuii  air^or  the  volume  remaining  in  the  lunge  at*ter  the  most 
forcible  expiration  (1230-l(i40  cubic  centimeters);  and  slat lonari/  air,  or  the 
volume  remaining  in  the  lunjjs  after  ordiuarj'  expiration,  and  cc|ual  to 
rewrve  air  plu^  residual  air  (24"0-;i44()  cubic  centimeters).  The  volume  of 
rpiddual  air  is  different  according  to  various  observers,  the  estimates  ranging 
within  wide  limil.s.  Hf-rnuuin  and  Bercn^tein  *  record  from  observations 
on  sixteen  livinjr  male  subjects  a  maximutn  of  1250  cubic  centinu'terH, 
a  minimum  of  440  cubic  centimeters,  and  a  mean  of  796  cubic  ccnti- 
nu'tcrs. 

Lung~capacUy  is  tlic  total  quantity  of  air  die  ]nn^  contain  after  the  most 
forcible  inspiration,  and  is  equal  to  the  vital  oapacity  plus  the  residual  air. 

Bronchial  ctipncitif  is  tiie  capacity  (»f  tlie 
trachea  and  bronchi,  and  is  equal  to  aiK>ut  140 
cubic  centimeters. 

Alveolar  capacihf  is  the  volume  of  air  in 
the  smalle'^t  air-jwssatres  and  alveoli,  and  is 
greater  during  inspinition  than  during  expira- 
tion, and,  of  course,  is  altered  in  pro|)ortion  to 
the  de])th  of  these  movements.  After  quiet 
expiration  it  is  equal  to  nixait  2000  to  3000 
cubic  centimeter*;  during  quiet  inspiration  it 
is  increaHe<l  al>nut  ^00  cubic  rcntimcters,  and 
during  funred  iiispinitioii  al>out  2000  cubic  cen- 
timeters; durincr  forctHl  expiration  it  is  dimin- 
ished abotit  1  500  cubir  centimeters.  Between 
the  extreme-  of  fortx'tl  inspiration  and  forced 
expiration   the  volume  ditler.-*  alxiut  3i  times. 

V'iiai  capacH/f  is  the  volume  of  air  that  can 
be  expired  after  the  nu>it  forcible  Itispiration, 
Averages  obtaincil  by  Vi»'rordt  from  the  results 
of  the  ol nervations  by  various  investigators  are 
3400  cubic  centimeters  for  men  and  2500  cubic 
centimeters  for  women.  iSmh  investigsitions 
are  conducted  by  the  aid  of  a  spirometer  (Fig. 
7t»).  which  is  a  cnlibntted  gasometer  conj-isting 
of  a  liell-jar  suhiuergc<l  in  water  and  ctmnter- 
poised.  Communicating  with  the  interior  of 
the  jar  is  a  tube  tlirr>ujrh  which  the  expired  air 

is  condiictetl.  Tfie  fsubjcct  makes  the  deepest  possible  inspiration  and  then 
forcibly  expires  into  the  tulie:  the  jar  rises  in  proportion  to  the  volume  of 
air  admitted,  and  the  extent  of  tliiB  rise  may  be  read  from  the  scale. 

*  .•trvAir^iir  (ii«  tjcmimmie  Pftyiiio/mjir,  1601,  Ril,  50,  S.  363, 


^ 


Kin.Tfi— Wlntrtch't  modtflCfttloD  Of 
ButcblQBOD'i  iplrometer. 
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Vital  capacity  is  affected  by  various  circumstances,  especially  age,  stature, 
sex,  posture,  occupation,  and  disease.  It  increases  with  age,  reaching  a  maxi- 
mum at  about  thirty-five  years,  after  which  there  occurs  an  annual  decrease  of 
about  32  cubic  centimeters  up  to  about  sixty-five  years.  In  |>ro|>ortion  to 
the  length  of  the  body  it  increases  up  to  twenty-five  years  and  then  dimin- 
ishes. Wintricli  hus  shown  that  vital  capacity  for  each  centimeter  of  heiglit 
varies  at  difierent  ages;  thus  at  eight  to  ten  years  it  is  9  to  1 1  cubic 
centimeters  for  each  centimeter  of  height,  at  sixteen  to  eighteen  years 
20.65  cubic  centimeters,  and  at  fifty  years  21  cubic  centimeters.  Arnold 
estimates  that  in  the  nJult  for  ejich  centimeter  of  increase  or  decrease  of 
height  bej'ond  a  mean  standard  thei-e  is  a  corresponding  rise  or  fall  of  60  cubic 
centimeters  in  men  and  of  40  cubic  centimeters  in  women.  It  is  greater  in 
men  than  in  women  of  the  same  height,  the  ratio  l>eing  about  10 :  7.6.  Hutch- 
inson found  that  it  was  aifectcil  by  posture,  tlje  nitios  being  as  follows:  Lying 
ou  chest  and  abdomen,  0.96;  lying  on  back  or  sitting,  1.11  j  aud  standing, 
1.13,  Wintrich  and  Arnold  both  have  found  that  vital  capacity  is  diminislied 
duriug  starvation  HX>  to  200  (;ubic  ccntiiuctcrs.  Physiad  exercise,  nuch  as 
running  and  other  forms  of  violent  exertion  that  increase  the  rate  and  depth 
of  respiration,  tends  to  increase  the  vital  capacity.  Or^-upation  also  exerts 
an  influence  upon  vital  capar-ity,  it  being  proportionately  gi-eator  in  those  en- 
gaged in  active  physictd  wori<  tlian  in  thcjse  kniding  u  seilentary  life.  AH  cir- 
cumstances which  interfere  with  the  full  and  A"ee  expansion  of  the  thoracic 
cavity  diniiui.sh  vital  capacity,  as,  for  instance,  tight  clothing,  visceral  tuinon;, 
tul>erculo.sis  of  the  lungs,  pneumothorax,  etc. 

The  Volumes  of  O  and  CO,  Respired. — The  quantity  of  air  re- 
spired during  each  respimtoiy  act  is  about  500  cubic  centimeters,  or  30  cubic 
inches;  and  since  the  nornial  resj>iralion-i*:Ue  in  man  is,  we  may  say,  for  the 
twenty-four  hours  aliout  1.5,  the  total  quantity  of  air  respired  per  diem  may 
readily  be  calculated : 

Per  minute,  500  cc.        »  15  =    7,500  c.c,  or  7.5  liters. 
Per  hour,  7.5  liters  x  CO  -       460  Uters. 

Per  day.        450     liters  x  24  =  10,8(KJ  lilerfi,  or  about  3S0  cubic  feet,  which  is  equal  to  a  volume 

about  2li!0  centimelerH  [7^  feet)  In  height, uidth,  and  thicknem. 

With  these  figures  as  standards,  and  knowing  the  per  cent,  composition  of 
inspir*^!  and  expirf^d  air,  the  Vijliinics  of  ()  alistirbcd  and  of  CO,  <?liniiiuitctl 
are  easily  found.  The  ins[»irwl  air  loses  4.78  volumes  per  cent,  of  Oj  it  is 
obvious,  then,  that  the  quantity  absorbed  per  diem  is  4.78  volumes  per  cent, 
of  lOjSOO  Iiter3,  which  is  516  liters,  or  alwut  740  grams;  likewise,  the  ex- 
pired air  omtains  an  excess  of  4.34  vohiniee  per  cent,  of  CO,;  the  quantity 
expired  per  diem  is  4.34  volumes  per  c^ent.  of  10,800  liters,  or  470  liters  or 
925  grams.  These  figures,  while  not  strictly  accurate,  are  in  acc<^rd  with  those 
obtained  by  other  methods  of  estimation  and  l>y  exi>erim('nts.  The  amount  of 
O  varies  from  600  to  1200  grams  per  diem,  auil  that  of  CO,  from  700  to 
1400  grams — approximate  averages  being  about  750  grams  of  O  aud  876 
grams  of  CO,. 
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The  qimntitios  of  O  and  of  CO,  exchungetl,  although  in  a  general  way 
closely  relatetl,  are  in  a  measure  imlepcndcnt  of  each  other,  but,  as  a  rule,  au 
int-rease  or  a  <lecrease  in  one  b  a«*onipahietl  by  a  rise  or  a  fall  in  tlie  other. 
The  raoet  imjwrtant  conditions  affecting  the  quantities  of  O  absorbed  and  CO, 
given  off  are  a|)ecies,  biK]y-weij;ht  aiul  iKMly-Hurface,  age,  sex,  eonstitiition,  rate 
and  depth  of  tlie  respimtions,  the  iKTi'xl  of  the  day,  digestion,  foot!,  internal 
and  external  temperutnre,  activity,  atmospheric  pressure,  the  composition  of 
the  inspired  air,  ami  tiu'  condition  (tf  the  nervous  system. 

Most  of  the  studies  have  been  made  s(jlely  by  determinations  of  the  quan- 
tities of  CO,  iriven  off,  the  results  being  taken  as  standards  for  the  relative 
volumes  of  O  ab<orl>o<l ;  but  surh  d**duetions  are  of  very  uncertain  value  and 
may  be  entirely  misleading.     (See  llc>i>ii-a£or)'  Quotient,  p.  436.) 

Respiratory  activity  in  difiereut  s]}cciejt  iu  prnportion  t*»  b<x]y-weight  is  leaa 
in  cold-bloivled  than  in  warm-hloodf^  animals,  the  ditterenoe  being  due  chiefly 
to  the  larger  supply  of  O  demanded  by  the  more  active  heat-producing  pro- 
oei«es  in  the  latter,  and  in  part  to  tl>e  nu>re  active  rhai*ac!er  gt^nerally  »*f  the 
bo<lily  operations.  If  we  take  as  a  standard  for  cold-l>loode<i  animals  the 
rcspinitory  activity  in  (iic  frog  (which  is  ().()7  gnun  of  O  [jcr  kilogram  of  ImmIv- 
weight  j>er  hour),  and  C4)n)pare  this  with  t!ie  stiin<Iai\ls  for  wann-blomletl  ani- 
mals, in  the  latter  it  will  be  from  6  to  18  times  greater,  according  to  the  s|iecies. 
Respiratory  activity  is  higher  in  jiroportion  to  body-weiglit  in  birtls  than  in 
mammals.  The  following  Uibular  sUitement  of  the  intensity  of  the  inspiratory 
interchange  yter  kilogram  of  body-weight  per  hour,  compiled  cliiefly  from  ttje 
researches  ot'  Kejrnaiilt  arul  Rciset,  Zuntz  and  Lehmann,  Bossignault,  Herzog^ 
and  Grouveu,  illustrates  these  ditfcrenoes: 


Animal. 


Finch  . 

Frog.  . 

V^ 

Ckt    .  . 

Ox.  .  . 


Cmlt  . 

Hone 

8b«ep 

Babbit 

M«n 

Kg    . 


o. 

00,.               1 

Ommi. 

C.c. 

Oram*. 

Cjtt. 

11.636 

1637 

11.540 

5867 

9.595 

6710 

10.492 

5334 

1.189 

831 

1.271 

678 

0.070 

49 

0.062 

37 

1.191 

847 

1.281 

652 

1.001 

699 

1.082 

649 

0.560 

382 

0.757 

383 

0.566 

394 

0.393 

394 

a4si 

336 

0.571 

290 

0.437 

303 

0.640 

323 

0.499 

347 

0.599 

304 

1      0.920 

642 

1.158 

688 

0.434 

302 

0.607 

267 

0,474 

331 

0.594 

302 

^ 


0.72 
0.79 
a82 
0.76 
0.77 
0.80 
1.00 
1.00 
0.M6 
0.91 
0.88 
0.90 
0.86 
0.91 


As  a  rule,  the  smaller  the  species  the  greater  (relatively,  but  not  al)so!utely) 
is  the  intensity  of  respiratory  activity;  for  instance,  the  consumption  of  O 
for  each  kilogram  of  body-weight  is  for  the  horse,  0.437 ;  ass,  0.566  ;  sheep, 
0.499;  rabbit,  0.92;  and  for  birds,  as  high  as  12.58.  For  different  species 
of  the  .same  class  the  same  variations  are  ol>served ;  thus,  Ricliet  records,  as 
the  result  of  iavestigations  on  bird&,  the  following  figures  as  the  number  of 


430 


AN  AMEUICAN   TEXT-BOOK  OF  PHYSTOLOOY. 


grams  of  CO,  given  oflP  ]>er  kilogram  of  body-weight  per  hour:  Go*>8e,  1.49; 
fowl,  1.66;  duck,  2.27;  pigeon,  3.3G  ;  ami  iinch,  12.58. 

lu  tilt  same  sjKX'iea,  otlier  things  beJug  equal,  the  respiratory  interchange  b 
greater  in  smaller  aianials,  because  in  relation  to  boiiy-icclght  the  bodt^-mirjace 
is  greater,  causing  a  grrater  proportiouul  heat-loi^s,  wliirli  in  turn  neressitatee  a 
larger  con.suniption  of  <)  for  oxidiitivfl  [inK-ef^es  tx)  pttMluct;  luai(,  and  a  conse- 
quent increase  in  the  priM_]uction  of  COj.  Richet '  hjii*  shown  that  in  the  name 
species  the  quantity  of  CO^  exhaletl  (indimting  the  intensity  of  the  oxidation- 
processes)  is  inverselv  propartinnal  tn  llir  Iwxlv- weight  mid  is  din'ctly  propor- 
tional to  the  liody-suriiiee.  The  following  iigures  illubtiate  these  ]iu|x>rtaDt 
facts: 


Uvan  BfKSy-wciKlit 
(kJlugrums). 

CO,  per  Kllogmtn 
pvt  Hour 
tKnmwK 

BodysurOice 

{«q.  cm). 

a\  per  lOO 
»q.  cm, 

(gnuiu). 

34 
11.S 

6.5 
3/1 

1.026 
1380 
1.624 
1.964 

9296 
5656 
3040 
2341 

2.65 
2.81 
2.69 
2.71 

Thus,  an  animal  weighing  24  kilograms  will  give  off  1.026  grams  of  CO, 
per  hour  tor  each  kilogram  of  body-weight,  while  one  weighing  3.1  kilograms 
•w\\\  give  off  1.9G4  grams,  or  nearly  twice  as  much,  for  etpial  iiicivmout!?  of 
weight.  It  wiil  Ik-  obi^rve<l  by  oornparing  the  quantity  of  CO^  and  the  body- 
Burfaw  that  for  each  100  square  centimeters  of  surface  the  eliniinatiou  is  al>out 
the  same. 

^/^c  exercises  an  important  influence.  Until  full  growth  respiratory  activity 
is  higher  than  in  middle  life,  and  in  middle  life  it  is  higher  than  in  old  age. 
In  children  the  alisohUe  qimntities  of  O  consumed  and  LX\  formed  are  less 
tlian  in  the  adult,  but  in  relation  to  btxly-weiglit  they  are  alxmt  twice  as  much. 
During  nii<ldle  life  i-espiratnry  activity  is  about  one-sixth  higher  thati  during 
old  age.  In  the  young  the  quantity  of  O  in  relation  to  COj  is  higher  than  in 
the  .'idnlf. 

Andral  and  Gavarret  have  shown,  in  investigations  relative  to  wa*,  that 
after  the  eighth  yo^xr  males  give  off  from  one-third  to  one-half  more  COj  than 
females,  the  ditlt-n'niv  buing  in^jst  prononntHxl  at  puU^rty.  During  pregnancy 
and  after  the  menopause  the  relative  quai»tity  of  COj  rises. 

The  influence  of  const ihition  is  manifest  by  a  greater  intensity  of  respi- 
ratory activity  in  the  robust  than  in  the  weak,  other  conditions  being  the 
same. 

The  rate  and  depth  of  the  respiraiory  movements  do  not  appreciably  affect 
the  volumes  of  O  and  CO,  interchanged,  altliough  the  removal  of  CO,  is  facili- 
tated by  an  increase  of  the  volume  of  air  rcspin^l,  because  of  the  In'tter  ven- 
tilation of  the  lungs.  Ad  increase  in  the  rate,  the  dejith  remaining  constant, 
increases  the  volume  of  air  respired  and  the  absolute  quantity  of  CO,  given 
off',  Init  the  quantity  of  CO,  in  relation  t^>  the  total  volume  of  air  is  less.     If 

*  Arcfiictn  de  Fhysiotofjic  normaU  ct  puUtohgique,  i.  22,  pp.  17-30. 
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remain  constant  and  the  depth  be  increaBed,  similar  results  are 
obbiintMl. 

The  quantity  of  CO,  eliraiuatel  during  slow,  deep  respirations  is  larger 
than  during  rapid,  shallow  re^pirution.H. 

The  diumfil  variniioiis  are  in  aoeoi'd  with  the  changes  in  the  respinitorv 
Tate — rising  aft^^r  we  awake,  falling  dnriug  tlu'  forenoon,  again  rising  ni\vr  the 
mid-day  meal,  again  falling  during  the  afternoon,  Increasing  afler  the  evening 
meal,  and  falling  to  a  niiniinuni  ilnring  the  night. 

Sunltt/ht  exorcist's  a  nitirkctl  iiiflufiKie,  as  is  proven  by  the  rt'sults  obtained 
by  a  number  of  investigators.  In  frogs  the  efimiuation  of  CX),  is  tucreased 
by  sunlight,  even  after  excision  of  the  lungs,  Fnhini  and  Bonedieenti/  in 
exjieriracnts  n[>on  hybernating  auinials,  found  that  the  comparative  quantities 
of  COj  eliminated  under  the  influenoe  of  sunlight  and  of  darkness  were  as 
1(*0;9,*^.48.  Fiihini  uufl  Spallittn'  have  also  shown  that  ditVerent  colored 
lights  variously  affect  the  output  of  (.'Oj  in  ditTerent  species. 

Respiratory  activity  is  aflTwted  by  the  character  and  quantity  of  tlie  foocL 
The  following  results,  obtained  by  Peltenkofer  and  Voil,  are  very  instructive: 

Noa-nUroMDOUit  Nltm^fnoiu 

Putlnr  Mixed  Diet.  j^et  Plei. 

O 743  grama.  867  grnm&.  808  gnmiL  1083  gnnu. 

00, 696      "  830      "  839      "  850      " 

It  will  hv.  ubflcrvi-d  tliat  respiratory  a<'tivitv  is  lowest  during  fasting,  higher 
when  tlie  diet  is  uon-uitnigenous,  ^tiil  higher  wlien  the  diet  is  mixed,  anJ 
highest  when  the  diet  is  purely  nitrogenous.  The  respiratory  quotient  is 
higher  when  the  diet  is  rich  in  earbohydnites  (p.  4-^7),  while  it  falls  in  propor- 
tion to  the  [MTe^'iituge  of  nitrogenous  foml.  Fiisting  rediuvs  the  qu'^tient  ccm- 
aiderably,  and  if  coupleil  with  inactivity  (hyl>enmtion)  causes  it  to  fall  to  a 
minimum. 

During  (figesflon  the  gaseous  exchange  is  increasotl,  !UX'<:>rdiDg  to  Loewy,' 
from  7  to  30  per  cent.  Joylct,  Bergonie,  and  »Sigalas*  obtained  the  following 
averages  of  seven  exj>enment8  on  a  man  weighing  52  kilograms,  the  increase 
of  O  being  alx>ut  7  per  rent.,  and  of  CO,  about  6  per  cent. ; 

O.  CO.. 

BdoK  food 259  cc  298.4  cc; 

After  food 275  '*  817      " 

The  increase  of  respiratory  activity  during  digestion  may  be  due  to  the 
chemical  processes  involved  in  the  production  of  the  digestive  secretions,  to 
the  oxidation  of  the  products  of  digestion  after  al>sf)rption,  or  to  muscular 
activity   of  the   gastro- intestinal  walls.     Zuntx   and   Meriug^  endeavored  to 

>  MoUsihotet  Uutrrmteh,  u.  NnhirL,  1887.  Bd.  14,  S.  623  029. 

*  Jhid.,  1886.  Bd.  13.  S.  563. 

*  Artkirfir  du  geaammte  Phynologit^  1888,  Bd.  43,  3.  515-632. 
^  CompU*  retuitu,  1887,  t.  10.S  pp.  390,  675. 

*  AftkujUr  dtf  gmammle  Phynologk,  1S83,  Bd.  32,  a  V^-UL 
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settle  this  point  bv  cnaking  three  seriei?  of  experiments:  in  one  they  injected 
certain  readily  oxidizable  i>ubstances  into  the  Mood  ;  in  another  the  substance* 
were  injecto<I  into  the  stomarh ;  and  iu  anotlier  sulphate  uf  sodium  or  other 
purgative  was  given.  When  the  substances  were  injected  into  the  blood,  Zunts 
and  Mering  found  as  a  general  re:4ult  that  the  absorption  of  O  was  not  increased, 
while  the  formation  of  CO^  was  slightly  increased  ;  when  injecte<l  into  the  stom- 
ach, no  marked  increase  in  respirati.»ry  activity  occurretl  unless  the  substances  were 
given  in  large  quantities.  When,  however,  in  addition  to  the  readily  oxidiz- 
able substances,  a  purgative  was  injected,  or  when  tlie  purgative  was  given 
alone,  tlie  alis*>rpti<»n  (»f  O  and  the  elimination  of  COj  were  considerably  in- 
creased. They  were  therefore  led  to  conclude  that  the  increased  respiratory 
intercliange  during  digestion  is  due  chiefly  to  the  muscular  activilA'  of  tlie 
intestinal  walls.  lyx'wy  *  has  coniirmctl  this  concla'=ion,  and  has  clearly  shown 
that  the  increase  in  respiratory  activity  is  chiefly  related  to  the  intensity  of 
j)eristalsi8,  the  most  marked  increase  being  associated  with  excessive  peristaltic 
activity.  There  can  be  no  reasonable  <loni>t,  however,  that  a  portion  of  the 
increase  is  due  both  to  glandidar  activity  and  to  the  breitking  down  of  tlie 
absorl)ed  products  of  digestion. 

The  volumes  of  O  absorbed  an*l  of  CO,  pnnhiccfl  rise  with  an  increase  of 
body  iempernlnrc.  This  fact  has  been  illnstnitcd  by  the  experiments  of 
Pfliiger  and  Colasanti  on  guinea-pigs,  in  which  they  found  that  the  quantity 
of  O  absorl>e<I  at  a  bmly  temperature  of  37.1°  was  948.17  cubic  centimeters; 
St  3X.5°,  ll.'i7.;{  cubic  centimeters;  at  .'59.7°,  1242.6  cubic  centimeters,  per 
kilo  per  hour.  Similar  results  have  l)een  obtained  by  other  investigators  ia 
experiments  buth  ii|M>n  the  human  subject  and  tip-^n  the  lower  animals  under 
the  pathologi<'!il  conditions  of  fever.  A  fall  of  bmly  temperature  is  accom- 
panied by  a  decrease  in  the  intensity  of  respiration,  unless  the  fell  is  accom- 
panied by  muscular  excitement,  such  as  shivering.  Speck*  has  seen  shiver- 
ing cause  the  consumption  of  O  to  rise  from  302  to  49G  cubic  centimeters, 
and  the  exiialation  of  COj  from  287  to  439  cubic  centimeters.  The  primary 
and  fundamental  eflfect  of  lowering  the  body  temperature  is  to  dimini«;h  respi- 
ratory activity,  but  this  may  Ik*  more  than  eom|)ensated  for  by  involuntary 
or  voluntary  excitement  of  the  muscles  (p.  433  ;  see  also  Tissue-respiration). 

The  effects  of  external  tempet'ature  n|>on  warm-  and  cold-blooded  animals 
are  diflerent:  Molesi^hott  found  that  froj^s  pro<hiced  three  times  more  CO,  at 
38.7°  than  at  6°,  while  in  warm-bhKxled  animals  the  op|X)site  is  the  case — that 
is,  three  times  more  CO,  is  formed  at  the  lower  temperature.  The  frog's  tem- 
|)erature  rises  and  falls  with  changes  in  the  temperature  of  the  surnjuudings, 
while  that  of  warm-blooded  animals  remains  at  a  fairly  constant  standard  ; 
he"'oe  the  respirator)'  inteasity  in  the  fn>g  increa«»es  with  the  rise  of  external 
temperature,  while  in  wnrm-bloodrnl  animals  it  deer«L«es,  owing  to  dimini^heil 
heat-production.  But  in  warm-blooded  animals  the  alterations  in  respiratory 
activity  causecl  by  changes  of  external  temperature  are  not  always  in  inverse 
relation.     Thus,  A^oit  has  shown,  as  a  result  of  studies  in  man,  that  the  exhala- 

'  X^  eO.  "  I>aUatkm  ArfKiv  /.  Urn.  Med^  1889.  Bd.  3^.  8.  375,  424. 
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tion  of  COj  diminl>iihcs  with  the  rise  of  external  temperature  from  4.4°  nntil 
the  toni|>cniture  rcjirhrs  14.8°,  when  it  rises  slowly.  These  results  have  been 
suhslaiitiuteil  by  ihe  more  reeent  investigations  of  Page,*  who  fouml  in  exjK-ri- 
nieuts  on  thjgs  that  the  discharge  of  CK),  was  at  a  minimum  at  aUait  25®; 
that  IkjIuw  this  tcmpcratun'  the  *[uantity  increjiseti  as  ihf»  toniponitnre  fell  • 
and  that  ulx)ve  tliis  li-inpt'rature  the  disi-harge  intrreasefl,  au<l  Ixvame  givatly 
augmented  at  tem|K»nUun'jj  of  40®  to  42°.  At  the  latter  temperatures  the 
increase  may  reach  3J  titne^  the  nnrrnal,  but  the  bodihi  (emptroturt'  is  also 
increaM?d.  If  the  climinatimi  of  iX\  at  23^^  to  24°  be  reprcseutwl  by  100  as 
a  standattl,  at  13°  it  will  be  al>out  128;  nt  10°,  141  ;  ami  at  8°,  177.  The 
re8(*-arches  of  SjH-ck,''  of  I^H*wy,'  of  (^uimjuaud,*  and  <»f  Johansson^  all  sI)ow 
that  external  cold  in<rca?*eH  rcnpinitory  activity,  rhiciiy  or  .-ntlcly  by  causing 
invnluiitarv  nius<'uhir  excitement  (shivering).  If  .shivering  and  other  forms 
of  muscular  activity  l>c  absent,  the  exchange  of  O  and  CK),  is  unafTecteil  or  even 
diminished,  but  wht-n  ppcs^-iU  ihc  incn^a^^c  of  respiratory  activity  may  amount 
to  100  [M*r  criil.  iioiwithsmmliiig  a  Ijill  of  bo<.lily  temperature  below  the  normal. 
JAwKTii/ur  triiirittf  is  one  of  the  most  im|Mjrtaiit  of  all  the  circumstances 
aflTtH'tiug  the  (juantities  of  O  atnl  CO.j  cxrhaugcd.  Inv(»limtary  excitement, 
such  ut*  i^liivcring,  amy  of  itself  double  the  oonsunijition  uf  O  and  inen-ase 
two  and  a  half  times  the  eliniitrntiou  of  CO,,  but  volitional  nuiseular  etlbrt 
may  iiien*aw.  the  interchange  even  l)eyf*nd  these  limit.-*.  Ilirn,  in  iuvestigjt- 
tions  on  four  men,  noieil  (hiring  rest  an  hourly  abnorptiou  of  :J0.2  grams  of 
O,  and  during  work  I20.J*  grams;  and  Pettenkofer  and  Voit,  in  similar 
studies,  found  an  inerea.sc  of  O  fn)m  8*>7  grams  during  rest  to  lOOfi  grams 
during  moderate  work,  and  from  930  gramn  of  Vi),  to  1137  gramn.  In 
exjierimcnts  on  the  horst*  Zuntz  and  Ijchmann"  obtainc<l  the  Ibllowing 
results,  which  show  to  what  a  marked  extent  the  respiratory  intercliange 
may  be  increased  by  muscular  aetivity  : 

Lltvra  per  Minute. 

Rcflling 1.722  1.A70  0.02 

Walking 4.7(S6  4.342  0.(K) 

Troitiag 8.093  7.516  0.93 

Speck'  has  added  some  inter<*8ting  facts  to  our  knowleclge  of  tiie  eflfwts  of 
muscular  activity  on  the  respiratory  interchange.  Thus,  he  found  that  the 
increa'*e  of  O  and  CO,  reaches  a  maximum  before  exertion  reaches  its  maxi- 
mum ;  that  the  increase  for  the  same  amount  of  work  can  be  varied  by  chang- 
ing the  position  of  the  ImxIv  ;  that  if  a  given  amount  of  work  be  divided  into 
two  equal  jmrts,  the  iiicnuM*  of  respiratory  activity  during  the  first  pi^iod  is 
greater  than  during  the  second  ;  that  the  greater  the  increase  of  CO^  the  leas, 

*  JounuJ  aj  Phifsioiogy,  1879-80,  Tol.  2.  p.  228.  «  Lo€.  eU, 

*  ArcMir /ur  die  ijrwatHutte  l^hywiioijie,  1890.  iJd-  4«,  8.  189-224. 

•  Omptet  rendus,  1887.  t.  104.  pp.  l542-Io44 
^  SJmtvihuwiitket  Arrhirjur  Pfiy»iot,ypr,  181>7,  Bd.  7,  8.  123-177. 

•  Jotirnai  of  Ph^ftiolo^,  1890,  vol.  2,  p.  396. 
1  DenUtJ^  ArehtrfMin.  Med.,  1880,  Bd.  45.  S.  460-628. 
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proj»ortionatcly,  is  the  increase  of  O,  so  that  the  respiratory  qaotient  risa 

inort'  juid  mort\  ami  to  sudi  an  exteul  tliat  {\\m  PO,  contains  more  O  than  is  at 
the?  time  absnrbcd  ;  and  t!iat  the  quantity  of  air  respired  is  so  intimately  related 
to  the  amoinit  of  CO^  given  off  that  he  regards  the  quantity  of  this  giur 
formed  us  the  regulator,  as  it  were,  of  tlie  degree  of  aetivity  of  the  respiratory 
movements. 

Griiber^  states  that  while  respiratory  activity  is  proportional  to  the  inten- 
sity of  miiseiilar  activity,  "training"  diminishes  the  quantity  of  CO,  given 
off  for  the  sjinie  amount  of  work.  Thus,  taking  1  as  a  standard  of  the 
amount  of  CO,  elimtnateil  during  rest,  he  obtained  the  following  nitios  in  two 
series  of  observations : 

Climbing  hllto        Climbing  hflli 
Beating.  WalklnK.  when  not  used        when  used  to 

to  it.  it. 

First  m»ries 1  1.W  4.1  33 

Second  Beries 1  JLTfi  3^  2^ 

Mean 1  1^2  3.57  286 

Training  (}»erefore  reduces  the  output  about  20  per  cent. 

The  elimination  of  CO,  is  about  one-fifth  leni?  (hiring  sleep  than  while 
awake  and  quiet ;  fmra  one-fifUi  to  o!ie-half  greater  during  iirdinary  exertion ; 
from  two  to  two  and  n  half  tinfe.s  greater  during  violent  exercise;  and  about 
three  times  greater  dunng  tetanus. 

During  hybernation  the  abisorptiim  of  O  falls  to  :^  and  the  elimination  of 
CO,  to  ^  of  the  normal  for  the  jwriod  of  activity  (Valentine).  R<*latively 
more  O  is  al)sorl>eil  than  CO;,  given  off,  hence  the  respiratory  quotient  falls, 
reaching  lus  low  .'ix  D.oO  lo  O.To. 

A  diminution  of  the  fxiromdrh  piun'^urc  increasi^s  the  respiration-rate  and 
the  volume  of  air  respired,  but  both  Mosso  and  Mareet  have  shown  that  if 
allowances  be  made  fur  the  increuKC  of  volume  of  the  air  at  the  lower  pressure, 
the  actual  volume  respired  i.s  less.  Conven^ely,  an  increase  of  pressure  lowers 
the  nite  and  the  volume  of  air  i-espired.  Extremes  of  pressure  severely  affect 
the  rcj^piratory  and  othi^  functions  (p.  4.'>1). 

The  integrity  of  the  nervous  aj)pan7t\u'i  which  governs  the  metabolic  pro- 
cesses in  the  tissues  is  obviously  of  fimdanuntal  impurtauce.  If  the  efferent 
nerve-fibres  of  a  muscle  be  cut,  the  interchange  of  O  and  CO,  at  once  sinks, 
as  illustrated  by  the  jbllowiug  result.s  obtainwl  by  Zuutz: 

O  cQiuumed.  CO^  given  ofT 

Before  Hection  13.2    c.c  14.4  c.c. 

After  section L'?--4^  ^*^-  ^^^  '^^ 

After  Bet'tion  (leas) 2.75  c.c.  4.3  cc. 

The  consumption  of  O  was  therefore  lesseneit  about  20  per  cent.,  and  the 
formation  of  CtX  al>out  30  per  cent. 

After  section  of  the  spinal  cord  in  the  dorsal  region  Quinquaiid'  obtained 

»  Zcittehn/i  /  Biolwfir,  ISfil.  Bd.  28,  S.  466-491. 
«  Cbmpl.  rend.  Soe.  Bioiogu,  1887,  pp.  340-342. 
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similar  results.  Before  the  section  the  blood  in  the  crura]  vein  contained  9.5 
per  cent.  c»f  O  and  (lO  i>cr  rtMit.  of  Qi\)  after  scciion  it  c^uitiiinrMl  l.'J.-*)  jK?r 
cent,  of  O  uud  40  jwr  coat,  of  COj,  ijliowing  that  the  consumption  of  O  by 
the  tissues  nn<l  the  formation  of  CXJ,  were  «»nsiderably  lesMcned.  After  de- 
Btniction  of  the  spiiiiil  cord  i*espimtoiy  activity  falls  to  a  niininuim. 

The  stuily  of  the  efiects  of  aHeniiiona  in  the  compOJtUion  of  the  inapired  air 
on  the  absorption  of  O  and  tlie  eliminiition  of  CXD,  are  of  great  importance. 
Nitrogen  is  merely  a  mechanical  diluent  of  the  inspired  air,  and  may  be 
rcplaceil  by  H  or  by  other  inert  gits,  ho  that  alterations  iti  it.s  jHTctnitage  do 
not,  ;wT  jff,  atfcct  tlie  respiratory  plu'iiomenu ;  but  changi*  in  the  pcrcvntjiges 
of  O  and  CO,  may  cause  marked  disturlwinoea  both  of  the  respiratory  move- 
ments  and  of  the  gaseous  interchange. 

When  tlic  jR-rcentagc  of  O  in  iIil'  ini^pired  air  is  increa(*ed  up  to  40  volumes 
per  cent.,  Bert  found  that  there  occurred  au  increase  in  tlie  quantity  abe»orbedy 
and  both  S|M?«'k  ami  Frcdi'n4f|  have  notwl  merely  a  transient  increase  under 
similar  circumstani-cs  ;  hut  the  results  of  most  ex|)erimenter>,  on  the  contrary, 
Beem  to  show  quite  conclusively  that  au  increase  of  the  |>er  cent,  of  O  alx>ve 
the  normal  4l(*os  ntit  affect  the  quantity  absorbed.  Lukjanovv '  in  a  large 
numl)er  of  experiments  conh!  not  (lct<_'ct  any  increase,  anil  Saint-Martir»,*  in 
researches  ou  guinea-pi^  and  rata  with  an  atmosphere  coEitaining  fntm  20  to 
76  volumes  per  cent,  of  O,  noted  the  same  result.  Even  in  an  atmosphere  of 
pure  ()  animals  breathe  as  though  they  were  respiring  uormal  atmospheric  air, 

A  decrease  in  the  j>crcentiige  ol'  i)  is  withmit  influence  until  the  pnnwirtion 
falls  below  13  volumes  \>qv  cent.  Worm-Muller  long  ago  showetl  that  animals 
breathe  quietly  in  air  containing  14.8  volumes  |)er  cent,  of  O,  and  that  if  tlie 
proportion  fell  to  7  volumes  per  cent.,  rcspiratitm  l)e<ainie  slow,  deep,  and  ditfi- 
cah;  with  4.5  volumes  |>er  cent,  marked  rlyspnoen  occurred;  and  when  tliore 
was  but  3  V(dnmes  ]>er  cent,  asphyxia  nipidly  8U|iervened.  The  more  recent 
remits  of  Speck  ^  not  only  confirm  the  main  fucts  of  Worm-Muller*s  observa- 
tions, but  furnish  other  important  data.  He  has  shown  that  when  the 
atmosphere  contains  K?  volunu>s  |)er  cent,  of  O,  respinition  is  quiet  and  the 
quantity  of  O  aiisorbeil  is  but  slightly,  if  at  all,  diminished,  and  that  even 
wlieu  the  proportion  falls  to  9.65  volutues  per  cent,  breathing  Is  carried  on  for 
a  long  time  without  inc^mveniejioe,  the  amount  of  O  absorbed,  however,  being 
diminished.  He  shows,  moreover,  that  when  the  volume  of  O  in  the  atmo- 
sphere falls  to  8  |»er  cent,  the  respiratory  movements  are  <leep  and  an-  but 
slightly  accelerated,  the  quantity  of  O  alisorbed  Ijeing  very  much  diminished, 
and  that  the  animal  snbj(M'tcil  to  soeh  an  atmosphcn*  succumlw  in  a  few 
moments.  The  quantity  of  O  taken  into  the  lungs  falls  pro|Hirtionately  with 
the  diminution  of  O  In  the  inspire*!  air  until  the  nxluction  ready's  11.26  vol- 
umes |)er  cent.,  but  furtlicr  dimiiuition  is  com|K»nsated  hit  by  an  increase  in 
the  volume  of  air  rcs[Hre<l.     As  Uie  volume  per  cent,  ot  O  in  the  inspired  air 

*  ZeUmhrifi  f.  phjftiolog.  Chm^it,  1885-1884.  Bd.  8,  B.  313-335. 

»  fhrn/pt.  rend.,  1886,  L  98,  pp.  241-243. 

»  ZcitKhri/if.  A/in.  J/«d,  1887,  Bd.  12,  8.  447-632. 
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dirainlshi^  the  relative  percentage  of  O  al^sorbed  iDcix>iiscs,  and  thi»  coutinues 
tiutil  die  volume  in  ilie  inj^pli'ecl  air  is  rethioetl  X€i  11.26  per  cent.,  27  j>er  cent. 
of  wliidi  Ls  iil)rt(irlH*(l ;  Im-1(iw  tliis  ]W)int  no  furtluM*  increase  of  nbs(jrplion 
occurs.  As  tlu-  i|iiautit>'  of  O  al)t>orbe(i  is  retlm-ecl  the  respiratory  quotient 
be<!onies  greater,  and  may  I'each  as  high  as  2.218. 

When  theqntmtily  of  O  ivmains  ut  the  normal  standard  and  the  percentage 
of  CX3j  is  iiuicii  iucnysed,  tlie  eliiniuatitm  oi*  the  hitter  in  interfered  with  ;  and 
Pflnger  has  shown  that  if  the  peiventage  of  CK),  be  high,  dyspucea  eDSues^ 
rutlvvithstandini^  (he  fact  that  the  LKkkI  cuntaiui^  a  normal  amount  of  O. 
When  air  contains  U  to  4  volumeti  per  cent,  of  CK)^,  the  tpaiintity  of  iSi\ 
given  otf  is  diminishwl  about  one-half.  Speck'  and  alherj  have  found  that 
the  elimination  of  C'O^  during  a  given  i>eri(Ml  may  Ite  indc[>cndent  of  both 
the  jK?rcentage  of  ()  in  the  inspii-eil  air  and  the  quantity  absnrl>ed.  An  atmo- 
Hplici-e  containing  10  volumuji  (>er  cent,  of  COj  is  generally  believed  to  be  toxic, 
but  Wilson^s*  investigations  show  tliat  air  having  even  as  much  a.s  25  to  30 
volumes  |3er  cent,  may  be  inhaled  with  impunity.  It  is  quite  prol>abIe  that 
ill  tliose  caHCH  in  which  Binall  jH^ns-nlagcs  nf  CXl^  in  the  inspire*!  air  have 
proven  poisonous  the  gases  were  oontiiniiuated  with  QO  [carbon  monoxide). 
Keq>i ration  of  an  atnjosphere  of  pure  COj  b  followed  within  two  or  three 
minutes  Ity  death. 

Worra-Miiller  founil  that  when  animals  brt^itlu'  Htmospheric  air  in  a/«/v/tf 
c1o.s<m1  ehaiuber  O  disiipjK'ar.s  and  Qi\  aecutnulatus,  and  death  finally  wcuns, 
not  fn)m  a  lack  of  U,  but  fron»  the  inri'case  of  COj,  as  is  sho\Mi  by  tlie  fact 
that  at  the  time  of  death  the  quantity  of  O  in  the  air  is  sutlicicnt  to  sustain 
life.  He  has  shown  that  aiiitnals  i>laced  in  a  closed  atmosphere  of  pure  O  die 
fmni  an  accumulation  \i{'  Cth  in  the  bhiod,  rabbits  sincunil^iiig  after  the  reten- 
tion of  a  volume  of  Vi\  equal  to  one-half  the  vohnne  of  the  IkkIv,  and  at  a 
time  witen  the  atmosphere  coutaineil  a.s  juueh  as  60  volumes  |;)er  cent,  of  O. 

The  dysjincea  occurring  in  an  animal  c^mfined  in  an  air-tight  chamber  of 
8}iiaU  size  is  due  to  the  lack  of  O^  nearly  all  of  the  gas  being  absorl>etl  l>efore 
the  animal  dies.  If  a  cold-ljloodeil  animal,  such  as  a  frog,  bo  similarly  ex- 
pose*], the  attraction  of  hannoglobin  for  O  is  so  strong  that  almitst  eveiy  par- 
ticle of  gas  will  pif^  into  the  blfMKl  long  before  death  tx-curs ;  and  even  after 
the  total  disappearance  of  O  the  elimination  of  CO,  is  said  to  continue  at  the 
normal  nile. 

Auimids  [>laced  in  a  confiuetl  space  lx<^me  accustomed,  as  it  were,  t(.»  the 
vitiated  air,  and  survive  longer  than  a  fresh  auirnal  suddenly  thrust  into  the 
jxtis^-tnons  almoHphere. 

The  Respiratory  Quotient. — The  n-lalion  between  the  quantities  of  O 
abeorbetl  and  COj  given  u^'  during  a  given  jwriod  is  expressed  as  the  respira- 
tory quotient.  The  air  during  its  sojourn  in  the  lungs  loses  4.78  volumes  jmim- 
cent,  of  O  and  acquires  4.34  volumes  per  cent.  t)f  CO^  hence  the  respiratory 

quotient    is   — r^'      '\j„  =  0.901,     This   quotient   is  subject  to  wnsiderable 
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variations  not  only  in  differont  s{>ecie6,  but  in  <HfIereut  individtialii  under 
varitHl  piivuiiistaiictv.     Thecliief  reiiAins  for  Mi*^  diffon'tuHs  are: 

Firet,  the  pruductiun  of  COj  Is  in  a  measure  indcpcnilent  of  tlie  O  absorbed, 
as  is  proven  by  the  records  of  various  investigators^  showing  that  CO,  results 
lM)th  from  oxidHlion-procejwes  and  from  inlnmi<tlernhir  s|*littin*;;  (analogous  to 
fenuentalion-|»rocee>&es}  which  may  be  entirely  iiidepoudent  of  eju-li  other; 
that  the  quantity  of  QO^  elimiuatod  may  continue  under  certain  eireu  in  stances 
at  the  normal  standard  even  after  the  alisorption  of  O  has  ceased ;  and  that 
the  quantity  of  O  iM)utiiinetl  in  the  COj  eliaiiuuted  during  a  given  time  may 
be  larger  thaji  the  actual  <£n:intity  absorlx.tl.  This  may  Ix*  uiidersto<xl  in  a 
general  way  when  we  remember  that  the  CXD,  ibrmed  in  tlie  body  is  not  tlie 
result  of  an  immediate  oxidation  of  the  carbon-<»ontaining  material  of  the 
boily ;  on  ilie  *-ontrary,  .some  of  iheO  absorbed  may  be  stored,  as  it  weiv,  in 
the  form  of  (^imiplex  eom|K>unds,  which  at  some  later  time  may  undergo  disin- 
tegnilioii,  with  the  formalioii  of  COj :  or  th**  cimifilex  materials  intmdiic<*d  as 
IbtMl  may  undergo  a  .simiJar  ilisintegi*ali(m  and  nplitting  of  the  molecules,  with 
the  formation  \j^  CO^  inde[iendently  of  the  direct  action  of  the  O  upon  them. 

Second,  a  larger  quantity  of  (-O^  is  formed  per  unit  ttf  oxygen  from  the 
disintegratiijn  of  certain  suksLauces  than  from  other?;,  c<mse<|uently  the  quotient 
must  be  atlwteii  by  the  nature  of  the  .sul;>stances  brt>ken  down.  Thus,  in  the 
formation  of  CO,  from  carlx>hyd rates  all  of  the  O  cousumed  in  the  disinte- 
gration of  the  niohddes  is  use*!  in  forming  COj,  the  H  already  having  suffi- 
cient O  to  satisfy  it ;  but  in  the  atse  of  taL<  and  protcids  a  jiortion  of  the  O 
is  utilizeil  in  the  oxidation  of  H  to  tbrm  H,0.  6  molecules  of  O  will  oxidize 
1  molecule  of  grape-sugar  (CgHijO,)  into  6CX3,  t-  6H,0;  hence  the  quotient  is 

-^  ^  ^  L     In  regard  to  fat,  if  we  take  oleiu,  C.H,  (Cj^HuOj)j,  as  an  ex- 

ample,  80  molecules  of  O  are  required  to  reduce  each  molecule  of  the  fat  to 

57  molecules  of  C<),  and  52  molecules  of  HjO  ;  hence  the  quotient  is  w^r^^ 

^  0.712.  In  the  disintcgnition  of  proteid  only  a  jxirt  of  the  C  is  oxidized 
into  COj,  the  remainder  beir)g  eliminated  Jis  a  cvmstituent  of  various  conifilex 
effete  IxMlies;  but  it  is  estimate<l  that  the  (|Uoticut  for  proteids  (albumin)  ia 
from  0.75  to  0.81,  depending  u]>on  the  completeness  of  disintegration. 

The  respiraton'  quotient  varies  with  sjMvies,  fo<xl,  age,  the  time  of  day, 
internal  and  external  tcmj>erature,  muscular  activity,  the  c*>m[>osition  i>i[  the 
inspired  air,  etc. 

In  regard  Uy  uprcies,  the  quotient  is  higher  in  warni-blonrled  (0.70  to  1.00) 
than  in  cijld-bltMKknl  aninads  (0.*>5  to  0.7o) ;  in  herbivoni  (O.OO  to  l.tX))  than 
in  carnivora  (0.75  to  0.80);  and  in  oranivora  (0.80  to  0.90)  than  in  carnivora, 
but  lower  than  in  herbivora.  Tluise  ditterences  are  due  essentially  to  f//W, 
herbivora  feeding  largely  uf>on  carlxihyd rates,  omnivora  using  carbohydrates 
to  a  leas  extent,  and  carnivora  practically  not  at  all.  These  observations  arc 
sultstantiateil  by  the  fact  that  during  fasting,  when  the  animal  is  fe^nling  uyioa 
its  own  tissues,  the  respiratory  quotient  in  all  species  is  the  same  (0,7  to  0.75). 
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The  quotient  is  lowered  by  an  animal  diet  and  increased  by  a  vegetable  diet, 
the  ralio  approxiiualing  uuity  if  the  diet  be  siiffideutly  I'icii  iu  carbohydi'al&i. 
liaiiriot  and  Richet '  in  <il>servatic>nsou  man  noted  that  Iwfore  feeding  the  quu- 
tient  was  0.84  to  0.89 ;  when  meat  or  fat  was  given  the  conMimption  of  O  was 
increased,  but  there  was  uo  increase  in  COj,  and  the  quotient  fell  to  0.76  ;  when 
given  ]K>tatoe»  it  was  0,93;  and  when  the  diet  was  of  gluco#*e  it  reached  1.03. 
During  fasting  the  quotient  falls  rapidly.  The  experiments  of  Zuntz  and 
Lchnmnn^  show  ihut  iu  dogs  it  fulls  as  low  as  0.65  to  0.68  on  the  sccrmd  day 
of  fasting,  and  that  on  the  n^umplion  of  I'ood  it  rises  to  0.73  to  0.81. 

The  intliience  of  <itje  is  manifest  in  the  fact  that  in  c-hiUlreu  the  quotient  is 
lower  thii!i  in  the  atlult,  more  O  Leing  alisoHx'd  In  proportion  to  ihe  CO^  given 
off*  than  after  full  growth  hits  Imhui  i-eaehe*!. 

The  quotient  undergoes  a  fliumaJ  varkiUon,  The  day-time  is  more  favor- 
able tiian  the  night  for  the  discharge  of  CO;,^  as  well  as  for  the  at>sorption  of 
O,  owing  mainly  to  greater  muscular  activity  luring  the  day,  but  the  CO, 
is  more  alTected  than  the  O ;  heiK-e  the  rt^|)initory  4]uotient  i^;  higher  during 
the  day.  In  the  recent  exj>eriments  by  Saint-Marlin^  on  birds,  the  mean  quo- 
tient during  the  day  was  0.83  aiul  during  the  night  0.72 ;  the  ratio  for  CO, 
for  the  day  and  night  was  1  :  0.78,  and  for  O  1  :  0.9.  During:  the  night  the 
eliniination  of  CO^  was  diminished  about  20  per  cent.,  while  the  absorption  of 
O  fell  only  about  10  fjer  cent. 

Tiie  quotient  is  incnascd  by  a  rise  of  rxien\al  temprrature.  Thus,  Pfliiger 
and  Finkler  found  in  guiiii-a-pii:??  that  the  quotient  was  0.83  at  3.04°  and  0,94 
at  2C.21°.  When  die  bodily  hinptrafwe  Ls  increjtsed,  as  in  fever,  the  respira- 
tory quotient  remains  praoticjdly  unalteretl.  When  the  temperatiu^  falls  below 
the  normal  the  respirat4)ry  quotient  inerea«4es. 

MiMfidar  fu'tivitif  is  also  an  important  factor.  During  rest  the  eonsuniptiun 
of  O  by  niu.scles  is  greater  than  the  prtxluction  of  COj,  while  during  contrac- 
tiou  ihe  difference  l)ecf»mes  lens  iun\  less  in  pmportion  to  thedcgree  of  activity, 
until  linaliv  inoiv  COj  may  Ik?  given  off'  thnn  tht-re  is  ()  consume<l.  Sczelkow 
found  in  experiments  on  muscles  of  rabbits  at  rest  and  in  tetanus  that  the 
respiratory  quotient  was  decidoilly  inci-eflstKl.  A  mean  of  six  experiments 
gives  as  the  quotient  during  rest  0.543  and  during  tetanus  0.933;  iu  oue-half 
of  the  exfierinients  it  went  alwve  1,  and  in  one  instance  to  1.13. 

During  sleep  the  output  of  COj  is  diminislie<l  more  tluui  tlie  consumption 
of  O  (p.  434),  so  that  the  respiratory  quotient  is  less  than  when  awake  and 
quiet. 

During  hyhernation  the  quotient  falls  to  a  minimum — in  the  marmot  as  low 
as  0.49.  This  is  due  chiefly  to  the  more  decide<l  Ihlling  otf  in  the  quantity  of 
(X)g,  tiie  CH)^  l>cing  reduced  to  J^^  and  tln'  ()  to  ordy  ^j- ;  the  aninnd, however, 
is  not  only  in  a  state  of  nniseular  quiet,  but  fasting,  which,  it  will  be  remena- 
bered,  is  an  important  factor  in  lowering  the  quotient, 

'  Compf.  rtnui,  1888,  t.  106,  pp.  49K-498. 

«  BerlinfT  Win.  H'ofA.,  1887.  S.  428. 

»  Oompi.  rmtL,  1887,  t  106,  pp.  1124-1128. 
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When  the  ptrcenlfigc  of  0  in  tlu*  bittpired  air  falb  so  low  as  to  cause  marked 
dyspucea,  the  re-§piraiory  quotient  rapidly  rises.  This  is  owing  ou  the  one 
hand  to  tho  diminisluKl  ipmntity  of  (>  al»sorbwl,  and  on  the  oilier  hand  to  the 
inireased  production  o(  Vi\  as  a  eouse<jueuce  of  excessive  activity  of  the 
muscle**  of  respiration.  Sfjeck  (p.  4.35)  fouiul  that  when  the  proi>ortion  of  O 
was  very  low  the  quotient  rose  as  higii  as  2.258. 

E.  Principles  of  Ventilation. 

Breathing  within  a  contined  space,  as  in  a  small  unventilated  room  or  in  a 
large  room  in  wliidi  :i  considerable  number  of  persons  ai^  assembled,  causes 
a  gradual  dinjinutitin  in  the  i|minTiry  of  <)  and  an  accumulation  of  Olj,  moist- 
ure, niid  ori^iiic  rmittcr.  In  rcj^aixl  to  (),  even  in  the  worst  ventilated  rooms 
the  atmosphere  seldom  contains  as  little  as  15  volumes  per  cent.,  which  is  suffi- 
cient to  permit  of  umltstiirlH'd  rf^piratimi.  When  the  proportion  of  CO, 
exccc^ls  0.1>7  volume  jxr  cent,  the  air  becomes  (li-^reeable,  close,  and  stuffy — 
oflTensive  characters  which  are  due  neitlier  to  the  increase  of  CO,  nor  to  a 
deficiency  of  O,  but  to  the  presence  of  odorous  principles  frivcn  offehicfly  by 
the  body  and  clothintr.  Air  from  whicli  this  orgi»nic  txhulation  is  absent 
may  contain  considcnibly  more  CX)^  without  causing  any  unplcasiint  effects. 
In  well-ventilated  rooms  the  [iroportiou  of  CO,  d4>e8  not  exceed  0.05  to  0.07 
volume  pcT  cent.;  in  bmlly-vcritilate<l  ro'ims  it  may  reach  0.25  to  0.30 
volume  per  cent,;  while  when  a  large  number  of  individuals  are  crowded 
together,  as  in  lecturt^-rooms,  it  may  \h'  as  high  as  0.70  to  0.80  volume  per 
cent.  This  vitliition  is  furtluT  iiicri'Hst'd  l»y  the  burning  of  gas  or  oil,  150 
liters  of  onlinary  co:d-g;is  (rnuugh  to  supply  a  large  burner  for  about  an 
hour)  consuming  all  the  O  in  1200  liters  of  air,  or  ns  much  O  as  i.s  required 
by  the  average  imlividiuil  ttj  ei^dit  lunirs,  besides  loading  the  air  with  various 
deleterious  pn^Klncts  of  eimibustiim. 

While  the  accumulation  of  CO,  even  in  the  worst  ventilatf't!  nwims  is  not 
in  itself  j>ernicious,  its  [M'rcrntJigc  is  a  pmi'lical  working  inilcx  of  the  degreo 
of  vitiation.  It  has  long  been  recognized  that  the  atmosphere  of  cnjwdcd, 
budly-ventilatcd  nwms  gives  rise  to  discomfort,  and  by  some  the  expire<l  air 
ha-s  been  erroneously  asserted  to  he  toxic.  Thtis  Brown-S^qnard  and  d'Ar- 
stmval  condensed  the  moisture  of  the  expireil  air  and  found  that  from  20  to 
40  cubic  centimeters  wouhl  kill  a  guinea-pig;  but  their  results  have  Ujen 
contradicted  positively  by  Dastr^  and  Loye,  I^hnuinn,  (Jeyer,  and  others. 
The  vitiation  of  the  air  of  bjully-veiitilated  nM)nis  cannot  be  said  to  be  due  to 
any  parti<'ular  poisou,  but  tt»  an  ar-euniulation  tif  tnlorous  principles  arising 
from  uncleanly  bodies,  clothes,  and  surroundings,  and  also  to  an  accunuda- 
tion  of  CO,,  and  to  a  deficiency  of  O  in  extreme  instances. 

The  quantity  of  fresli  air  required  during  a  given  period  de|)ends  u|M>n  the 
eiic  of  the  individual,  tlie  d<^ree  of  activity,  and  the  size  of  tlie  air-s|Hice. 
Assuming  that  an  individual  eliminates  900  grams,  or  -158  liters,  of  CX!)j  per 
diem,  and  that  the  percentage  of  CX),  is  to  be  kept  at  a  standard  not  exceeding 
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0.07  volume  per  cent.,  there  would  be  required  at  least  1 ,440,000  liters  of 
fresli  air  during  twenty-four  hours,  or  about  60,000  liters  (2000  cubic  feet)  per 
hour.  All  cirfuuistauoes,  such  as  mu«*ular  activity,  which  increase  the  output 
of  CO,  augment  the  demand  for  fresh  air.  When  confined  in  rooms,  every 
person  should  have  an  air-space  equal  to  alwut  28,000  liters,  or  1000  cubic 
fvct^  the  flfK)r-?iKice  should  not  lie  i««  than  ^  of  the  cubic  raparity  of  the 
room,  and  the  air  should  l>e  renewed  as  often  as  twice  an  hour.  In  lecture- 
rooms,  school-rooms,  etc.  the  air-space  per  individual  is  usually  ver\'  small,  so 
that  the  renewal  must  be  more  frequeut  and  in  pro|)ortion  to  the  limitation  of 
8|)ace  per  individual. 

Ventilation  is  a'-eompli-^hed  by  natural  and  artificial  means.  The  forces  of 
the  wind,  the  ditlcrences  in  temperature  within  and  without  the  buildiug,  the 
natural  <liirut*iou  of  gases  owiiii;  to  variations  in  C4:»nip'>sition»  etc.,  all  cause 
more  or  lese  circulation.  Artitif-ial  ventilation  is  eflTeficd  by  the  use  of  proj)er 
applianctdi  for  tiie  forced  introduction  of  air  into  and  expulsion  from  apartments. 

• 
P.  The  Effects  of  the  RESPraATioN  of  Various  Gases. 

The  respiration  of  pure  O  tiikes  place  vithout  <Hsturbance  of  the  respira- 
tory processes.  Lorraln  Smith  '  has  shown  that  O  at  tlie  tension  o^  the 
atmosphere  stimulates  the  Itm^-crlls  to  arlivr  absorjitiiui,  at  a  hiplier  tension 
acts  as  an  irritant,  or  patiiological  stimulant,  and  provinces  intlammation. 
Dyspnoea  \%  developed  when  the  inspirctl  air  contains  less  than  13  volumee 
|>er  cent.  (p.  435).  Resjiiralion  of  purc^  CO.  (p.  43fi)  is  fatal  within  two 
or  three  niiniites,  but  an  atinu-sphete  cuiitainiji^  as  much  as  25  to  30  per 
cent,  may  l>e  respireil  for  a  few  minutes  without  ill  effect  (p.  436).  Xitrogen, 
hydrogen,  and  carl>un?ttnd  hydivtgen  (CH,)  may  bo  iiihalcHl  with  impunity  if 
tliey  c<iutain  not  less  tliuu  13  voluini's  pt*r  cent,  of  O.  The  respiration  of 
nitrous  oxide  (»r  of  air  containing  much  ozone  r.ipidly  prtxluces  ana^thesia, 
unconsciousness,  and  death.  CaHwJU  monoxide  (CO)  and  cyan<»gen  are  decid- 
edly toxic,  C(jmbining  with  hiomnglohin  !ir*d  di^^phtcing  oxygen.  Sul|iliurctted 
hydrogen,  ph*>ft|j!iorettL'<l  hydmgeji,  urseti  in  ret  ted  hydrogen,  and  anlirnouiu- 
retted  hydr«»gen  are  all  jkhsouous  and  are  all  destructive  to  hfemoglubin.  An 
atmosphere  containing  0.-1  volume  pei'  cent,  of  sul]>huretto<l  hvflrogeu  ir*  said 
to  be  toxic.  Air  containing  2  volumes  jH-r  crnl.  of  CO  (carbfm  monoxide)  is 
quickly  fotal.  Certain  gases  and  va]K>rs — as,  for  instance,  ammonia,  clilorine, 
brt)tnine,  ozone,  etc. — prodiure  serious  irritation  of  the  respiratory  passages,  and 
nmv  in  tliis  wav  cause  death. 

G.  Effects  of  the  Qaseocts  Composition  of  the  Blood  on  tecb 

Respiratory  Movements. 

Certain  terms  are  employed  to  express  [HHidiniitics  in  the  respiratory  phe- 
nomena :    Kupna'a  is  normal,  quiet,  ami  ea.«y  breatliiug.     Apnaia.  is  a  susjicu- 
Biori  of  the  respiratory  movements.     IlypeqnKta  is  a  condition  of  increased 
^  Jow-na/  of  Phtftioloffif,  ]890,  vol.  24,  p.  19. 
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resipiratorv  activity.  Poltffmoefi,  (hi^rmofxtft/pna^f if  am}  funt-<It/^pn<rtz  arc  forma 
oriiv|>er|>iKPn  due  ti>  lunitinjxthe  hltMxl  or  the  skin.  Dynpnan  is  du^linjriii^lKxl 
by  (Icf'p  and  lalxiHil  hpfailiin^;  the  rt^pinitorv  rate  \a  usually  less  than  tlit 
nornml,  but  in  sotiio  fopmn  it  may  be  higher.  At^phijrki  (suflbcation)  is  cha- 
nifti'rizwl  by  oonviilsive  I'espimtions  wliich  arc  followed  in  the  final  stage  by 
infrequt^nt,  fcrl)lo,  :ind  shallow  ri.'sjtil*:ltt(*ns. 

EnpHina  is  ilii^  coiidiiiitn  of  respirutiuii  aL^ervod  during  bud.Uy  and  mental 
quiet,  tlie  quantities  of  0  and  CO,  in  the  blood  being  \vithin  the  normal  mean 
limits. 

Apnaia  may  be  prcnlmied  by  rapidly  repeated  rrspirations  of  atniaspl»erie 
air,  under  whiuh  circunibtauceis  the  respiratory  nioveiuentti  may  l>e  arrested  for 
a  iK-riod  varying  from  a  few  seconds  ton  minute  or  nioiv.  This  forjdition  is 
produced  most  easily  upon  auiiuais  wliich  have  Iwea  imcheolomiKcd  and  con- 
nected with  an  artificial  rcHpirutiou  apimratus.  If  under  these  coudttious  the 
lungs  are  rciK-atedly  inflated  with  sutlicicnt  frequency,  and  the  blasts  are  then 
suspendeil,  tlic  animal  will  lie  quietly  for  a  ceUain  pcriiM.1  in  a  (xmdition  of 
apnrea.  The  nspitiitions  after  u  lime  begin,  usually  with  very  fwrble  umve- 
ments  which  quickly  iucit^se  in  strength  and  depth  to  the  normal  type.  The 
ultimate  cause  t»f  apucea  is  still  a  mootnl  ipiL-stion,  autl  thf  heretofore  prevalent 
Ix'licf  that  it  is  due  to  hyperoxvgcnatiuu  of  tiic  bloixl  is  alnujsi  cntirciv  dis- 
canled.  The  connection  between  tlic  ([uantity  of  O  in  the  blood  and  apna>a 
is,  however,  suggested  by  several  facts:  tlms»  apnfwi  is  more  iuarke<l  after  the 
respiration  of  pure  O  than  after  that  of  atintASpheric  air,  and  li-ss  Miarke<l  if  the 
air  is  deficient  in  O ;  moreover,  Ewald  states  that  the  arterial  blood  of  apuo^io 
animals  is  saturatetl  willi  <^).  Tii<*^'  facts  natiinilly  Uwl  to  the  inference  that  the 
blood  is  suifhargcd  with  O,  and  that  the  respiratory  movements  are  arrested 
until  the  excess  of  O  is  consumeil  or  until  sufficient  CO,  accumulates  in  the 
blcMMl  to  cxrite  ix'spinitory  movements.  Hut  llciid  '  has  shown  that  upncea  can 
be  aiuscd  by  the  inflation  of  the  lungs  witfi  pure  hydrogen  as  well  as  bv  infla- 
tion with  air  or  with  pure  O,  although  the  aprjoeic  jwiuse  after  the  cessation  of 
the  inflations  is  not  »o  long  or  may  be  absent  altogether;  while  Ewahfs  asser- 
tion Jis  to  the  saturation  t»f  the  bltHnl  with  ()  is  contnidieted  bv  Hoppe-Sevler, 
Gad,  and  others.  The  tact  that  the  ajuui-ic  jKiUse  exists  for  a  longer  ]>eriod 
when  O  ia  respired  lends  conflrmatton  to  Gad's  theory  tliat  it  is  due  in  port  to 
the  large  amount  of  ( )  cjirriol  into  and  stored  up,  a^  it  were,  m  the  alveoli — 
an  amount  sutlicient  to  supply  the  bhMxl  for  a  certain  p<TitKl  ainl  rhti.^  to  dis- 
pense with  respiratory  movements.  Gatl  found  that  even  when  apnrea  follows 
the  inflali'*n  of  the  lungs  with  air,  the  air  in  the  lungs  contains  cn(»ugh  O  to 
su|>ply  the  bUKHl  during  the  period  iM?cnpicil  by  the  IiNkxI  in  making  a  com- 
plete circuit  of  the  system.  The  fact,  however,  that  apn<ea  can  l>e  anised 
by  the  inflation  of  the  lungs  by  an  indifferent  gas  sucrh  as  hydn^en,  by 
which  every  particle  of  ()  may  i>e  (Iriven  from  the  lungs,  certainly  shows 
that  there  exists  some  important  factor  ajMirt  from  tht;  O;  and  this  assunq)- 
tiun  receives  support   in  the  observation  that  after  sedion  of  the  pnetnno- 

»  Jit^twtl  of  Ptiysioloffy,  1889,  rol.  10,  pp.  1,  279 
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gastric  nerves  (the  clianiiols  fVn*  the  couvevniKv  of  sensory  imptilHe^  fr<»m 
the  hings  to  the  re^|M'ratorv  centre)  it  is  very  {iiffirnlt  to  cause  npnoea  hv  in- 
flation of  the  hings  with  nir,  wliih^  if  jmre  hydrogen  is  used  violent  (1ytipna*a 
reaults.  It  seenis,  then,  that  apntni  cannot  le  prndiiCLKl  aller  division  of  tlie 
vagi  unless  there  be  an  accumulation  of  O  in  the  luns^s.  These  facts  suggest 
that  the  frequent  forced  inflations  of  the  Unigs  excite  the  pulmonic  peripheries 
of  the  pnenmo£;astnc  nerves,  tlius  trpneniting  iuipnlHcs  which  inhibit  the  inspi- 
rator' dir-charge-s  from  the  respiratory  centre.  ThLs  view  ivceiven  iVirlher  sujh 
j)ort  in  several  ilicts :  first,  that  the  same  number  of  inflations,  whether  of  pure 
O,  of  air,  or  of  H,  causes  uptji.ea,  tiie  (miIv  ditfei-ence  being  the  length  of  the 
apnceic  ]NLUse  after  the  cessation  tjf  artllicial  respiration,  wiiidi  pause  lasts  for 
the  longest  i^eiioii  when  O  is  used,  and  for  the  shortest  })eriod,  or  not  at  all, 
when  H  is  employctl ;  second,  that  apntca  cannut  Ix*  causc<l  by  inflation  of  the 
lungs  with  H  il'  the  pneuniogastrie  nt^rvcs  be  previously  divitJcMl ;  thinJ,  that  the 
arrest  of  reK]nratiou  which  occui's  during  swallowing  ("  deglufition-apntBa  ") 
is  due  to  an  inhit)idon  of  the  re.-^piratory.  centre  by  inij^ulses  giinerated  in  the 
terminations  of  the  gIosso-phar\-ngcal  nerves  (p.  4<J2).  It  therefore  seems  evi- 
dcjit  that  apncca  may  be  due  to  either  gaseitus  or  ineclmuicul  factors,  or  to  l>olh, 
the  former  being  effective,  not  because  of  the  blood  being  satumted  willi  O, 
but  Un'iuise  of  the  increas*^!  anidunt  of  O  in  the  nlvenli — a  <jnantity  sntticient 
for  a  time  to  aerate  the  blood  ;  wliilc  the  mechani<'!il  i'lK'tm-s  give  rise  to  inhibi- 
tory impulses  wliidi  .snsjtend  for  a  longer  tir  shorter  period  the  rhvthmicnl 
inspiratory  dis<.'hurgcs  W^mx  the  respiratory  {vntre,  doubtUrss  by  depi-essing  the 
irritability  of  tliis  centre  (p.  -loo).  From  the  uxiJeriment  quoted  it  seems  tliat 
the  first  of  these  factors  may  alone  he  sufficient  to  cause  apnoea,  but  that  apntea 
ts  nmre  easily  produced,  and  lasts  longer,  when  botii  factors  act  together,  as  is 
usually  the  case. 

The  form  of  hjtpr^rpnn^n  due  to  vtuMcttlar  acHvih^  is  owing  to  the  action 
upon  the  respiratory  centre  of  certain  substances  which  are  formed  in  the 
muscles  during  contraction  and  are  given  to  the  blood.  Muscular  activity, 
as  is  well  known,  is  accompanied  by  an  increase  in  the  rate  and  depth  of  the 
respiratory  movements,  and  when  the  exercise  is  violent  more  or  less  marked 
dyspncca  may  occur.  Some  physiologists  have  been  led  to  the  belief  that  the 
respiratory  centre  is  connected  din-ctly  or  indirectly  with  thu  muscles  by 
means  of  afferent  nerve-fibres  which  convey  impulses  to  the  centre  and  tluis 
excite  it  to  activity;  while  others  have  rcganlcd  a  diminution  of  O  and  an 
increase  of  COj  in  the  blood  as  the  cause,  tlie  active  muscles  rapidly  consum- 
ing the  O  in  the  blo<jd  and  giving  ofl^CX3j  in  great  abundance.  But  Mathieu 
and  Urbain,  and  (leppert  and  Zuntz,'  have  found  that  the  volumes  per  cent. 
in  the  blofxl  of  O  may  be  increase*!,  and  the  vohiuie  pcr**cnt.  of  CO^  decreased, 
during  muscular  activity.  It  is  pn)bable  that  the  hy]>erpnaea  is  due  to  prmi- 
iicts  of  muscular  activity  which  are  given  to  the  blood  and  which  act  as 
powerful  excitants  to  the  respiratory  centre.  The  precise  nature  of  the 
bodies  is  unknown,  but  it  is  probable  that  they  are  of  an  acid  character,  for 
■  Arckiv/iif  die  tfetutmmU-  Pkyuohtjif^  1S£8,  Bd.  4'2,  8.  li)9. 


Lehiiiniiii '  found  that  then?  was  a  distinct  lessening  of  the  alkalinity  of  the 
lilf)o<]  afttr  niust'lilar  exen'iso.  It  is  likely  tliat  the  boJicH  are  broken  up  in 
the  ey8t4?m,  because  the  result,s  of  Locwy's*  investigations  indicate  that  they 
are  not  removed  by  the  ki4lney8. 

Potypnasa^  therrnopoltfputift,  and  hral-diffujmom  are  due  to  a  direct  excitation 
of  the  respiratory  centres  through  an  increjise  of  the  teni|>orature  of  the  blrxxl, 
or  rcflexly  by  exritation  of  the  (•utaiieiHi.s  nerven  by  external  heat.  Tiiis  con- 
dition may  he  pnMlneeil,  as  was  done  by  Goldstein,  by  exposing  the  carutidH 
ami  placinjr  them  in  warm  (uW,  thus  hfatitijir  the  blood;  or,  its  was  done  by 
Rirhet  and  othei*s,  Ity  sniyectiri]^  the  IkhIv  to  liijj;h  external  heat.  Richet  in 
employing  this  latter  niothmi  found  that  dogs  so  exposed  may  have  a  rc«pira- 
ton*  rate  as  high  as4<"K)  per  ruinnte.  Ott  iviordM  niarke<l  polypnfpa  as  a  n*>ult 
of  direct  irritation  of  the  tuber  einerouni.  This  form  of  hyiMjrpuiea  is  entirely 
independent  of  the  gaseous  ^composition  of  the  blood  ;  moreover^  an  anhnal  in 
hent-dyspna'a  ctiniiol  lie  rendered  aprnrie,  even  tluHi<rh  thu  bliMMl  be  so  thor- 
oughly oxygenate<l   that   the  venous  bltKnl   ig  of  a  Urijiht   artertui   hue. 

Difftpntra  is  generally  rliararleriwd  by  slow,  d«H'p,  and  IuImiixhI  respinitory 
movements,  although  in  Home  in.stanees  the  rate  may  be  increased.  Several 
distinct  forms  are  oJ^ecrved :  "0-<lyspn*ea,"  due  to  a  delicieuey  of  O; 
" CX^2-<ly!*pnu*a/'  <hie  to  an  excu8d  of  ( 'O^  in  the  blood  ;  and  rmtUnc  and 
hemorrhagic  dyspnoeas,  belonging  to  the  O  category. 

Dyspnreas  due  U\  the  gaseinis  oompoeition  of  (he  bhKxJ  nniv  l«*  causeil  either 
by  a  delieieney  of  O  or  by  an  excess  of  CX^j,  but  ai-e  generally  due  to  iHtth. 
Dyspnoea  from  a  deficit  of  O  is  ol>=«rve<l  when  an  animal  i*  placed  within  a 
tminll  closed  phaml>er,  or  when  an  in4li(!erent  gas,  stu-h  as  pure  hvdrogen  or 
nitrogen,  is  respired.  Under  the  hitter  circutuslaricts  dy>pn<cti  tx^-urs  eveu 
tliough  the  ((nantity  of  00,  in  the  blood  he  below  the  normal.  U^  on  the 
contrary,  the  animal  be  compelled  to  bixiitlie  an  atmosphere  containing  10  vol- 
umes per  cent,  of  CO;.,  dyspnoea  (m-cuts,  notwithstjunling  m\  abundance  of  O 
(p.  436)  both  in  the  air  and  in  the  bhxMl ;  indecil,  the  ipiantity  of  i)  in  the 
blood  may  be  alwve  tiie  normal.  Frederioq^  in  ingenioui^  exp(Tinient*)  has 
directly  demonstmtf*d  the  influence  of  tl»e  quantity  of  COj,  in  the  blo«)d  ujK»n 
the  respiratory  movements.  He  t(H.)k  two  nd>bit8  or  dogs,  A  and  B,  liL^titwl  the 
vertebral  arteries  in  each,  exp<jsed  the  carotids,  aud  ligated  oue  in  each  animal. 
The  other  cap»tid  iti  eacli  was  cut,  and  ih''  |)eripherjd  end  r>f  the  vessel  of  one 
was  aiunei'ted  by  means  of  a  cannula  with  tlie  <vntnxl  end  of  the  vtssel  of  the 
other,  so  that  the  blood  of  animal  A  supplied  the  head  (respiratory  oentre)  of 
animal  B,  and  vicf  vcrsd.  Wlien  the  truchea  of  animal  A  was  ligated  or  com- 
pressed the  animal  u  showixl  signs  of  dyspnoea,  because  its  respiratory  centre 
was  now  supplied  with  the  venous  blood  from  A.  On  the  c^mtrary,  animal  A 
exhibitetl  quiet  res|>(  nit  ions,  almost  apnaic,  because  its  centre  receive*!  the 
tlioroughly  arteriali/xtl  blot*d  from  B,  in  which  the  respiratory  movements  were 
augmented.     In  a  second  series  of  experiments  blood  was  transfused  through 

1  Artkivfitr  dit  gemmmtr  Vkygwingie,  1888,  Bd.  4%  H,  284.  '  ibid,,  6.  281 

*  Buii.  AcoiL  ray.  Hid,  Bttgiqtu,  t.  13,  pp.  417-421. 
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the  heail :  when  the  bluud  wajt  laden  wilh  COj,  niurked  ily.HpiiLta  rtsulted; 
when  arterial  blood  was  transfused  the  nornnil  respirations  were  restored. 

While  dyspnnpti  may  he  wiUKeil  by  (he  i-esph-atiou  oi*  an  atniosphei'e  either 
defifient  In  O  ("  0-dy.spmea")  or  wataining  an  excess  of  COj  (**  CX3,-tlys{H 
Doea  "),  the  phenomena  in  the  two  ca.ses  are  in  certain  resjiects  ditl'erent :  When 
an  animal  breathes  puiv  X,  thus  tausing  O-dysimtiai,  the  dyspncea  is  cliaraeter- 
ized  espet'ially  by  fre<pient  rcppinitory  inovemeuts  wilh  vigorous  in^pirationH, 
whereas  il'  the  atniosj)here  lie  rioh  in  ()  luul  contain  an  excess  of  CO,  the 
respirations  are  es[>e<nally  rntirkcil  by  a  slower  rate  ami  by  the  depth  and  vigor 
of  tlie  cxi)irations ;  O-dyspneea  continues  lor  a  long  (iinc  iK'ibre  dejith  ensuus, 
and  is  more  severe ;  in  O-dyspucea  the  absorption  \>r  ()  is  diiiiiiiislied,  but  the 
excretion  of  COj  is  practically  uiuitfccted  ;  in  O-dyspnoea  the  attendant  rise  of 
blood-pressnre  (p.  447)  is  more  marked  and  lasting;  in  O-dyspnren  dwith  is 
preceded  by  viiilent  motor  disturbance.^  which  arc  ah(?ent  in  COj-<lyspnoea. 
Blood  poor  in  O  (0-<Iyspnce4i)  affects  eliiefly  the  inspiratoiy  portion  of  the 
respiratory  centre  (p.  4r)7),  while  Idood  rich  in  CO,  (COj-ilyspmea)  affects 
chiefly  the  expiratory  |x»rtiou  ;  lience  in  tlie  iormer  the  dyspuica  is  manifest 
especially  in  an  increase  in  tlie  frequency  of  the  respirations  (hyix'rpnoea)  and 
in  the  vigor  of  the  inspirations,  while  in  the  latter  it  is  manitest  in  a  le^isened 
rate,  strong  expiratiijus,  antl  cx]>iratory  pauses. 

Tlie  nmrked  increase  in  the  depth  of  the  respiratory  movements  in  CX),- 
dyepufjea  is  not  solely  due  to  the  direct  action  of  CO^  u[K>n  the  respiratory 
oentix',  for  (^ad  and  Zag-.iri  *  have  shown  tliat  ('(>,  in  al>unilimiHi  in  inspired  air 
actii  U[)oii  the  terminations  of  the  sensory  nerves  of  the  larger  bronchi  and 
tluis  reflexly  excites  the  respiratory  centre.  In  a  research  on  dogs  these  ob- 
servers oi>ene<l  the  trachea  and  pris^^e*!  jxht-ss  tnlx-s  through  the  trachea  and  the 
larger  bronchi  to  the  smaller  brnm-hi.  nefiro  the  tubes  were  inserted  the 
inhalation  of  COj  caused  a  w^nsiderable  deepening  of  the  reapimtor)'  move- 
ments, but  after  the  insertion  of  the  tul^s,  by  means  of  which  the  gas  was 
carried  directly  to  the  smaller  bronchi,  the  characteristic  action  of  the  CX3,  was 
no  longer  observed.  From  the  results  of  these  experiments  we  may  eon- 
elude  that  the  marked  increase  in  the  deptli  of  the  respiratory  movements 
in  COj-dyspufca  is  due  in  part  to  the  irritation  of  the  sensory  nerve-fibres  of 
the  nHi(u:)Us  membrane  of  tlie  larger  hnmchi. 

Oirdiae  and  hanorrhagic.  dyspnteas  are  chiefly  (bm  to  the  deficiency  in  the 
supply  of  O — the  former,  to  the  jKKir  supply  of  bIo(xl  due  to  the  enfeebled  action 
of  die  heart  ;  and  the  latter,  both  to  tliis  and  to  tlie  RMluced  quantity  of  blood 
(haemoglobin).  All  cuxjumstanccs  which  eutt^'ble  the  circulation  or  lessen  the 
quantity  of  luemoglobin  ther<.'fore  lend  tr>  cause  dyspiKca  ;  lieuce  individuals 
with  heart  troubles  or  weakened  by  <lisease  or  witli  certain  forms  of  aniemiu 
are  apt  to  suffer  from  dyspnrea  ujwn  the  least  exertion. 

All  circumstances  whicli  interfere  with  the  interehange  of  O  and  the 
elimination  of  COj  in  the  lungs  are  favorable  to  the  prmluction  of  dyspnoea, 

'  Da  Boi».R*ymond'«  AvtKiv  fur  PhyginicHfu,  IHOO,  S.  SaS. 


KEsriRA  T/OX,  ^^^^  445 

Hfi  in  pneumonia,  ])u1tiioimi*v  tiilHTculosiSf  gmwtlis  of  the  larnyx,  alxluniiiml 
tumors,  etc.,  espec'iulJy  so  upon  exfrtion. 

Attphi/jria  is  literally  a  state  of  piilselissnoss,  Uiit  ilie  term  is  now  usecl  lo 
express  a  series  of  pheiiomnm  I'jm-^Mi  Uv  tiie  dt^privatum  of  air,  as  l)y  placing 
an  animal  iu  a  closed  clmmU'r  of  nuxlerate  size.  Theso  phenomena  may  be 
divitletl  into  tliree  stages:  the  rtrst  is  one  of  hy|K'rj>nfr'a ;  the  eeeond,  of 
developing  dyspntea,  and  finally  of  ronviilsioiLs ;  and  the  third,  of  coilajwe. 
During  the  first  Hta^^  (he  inspfnitory  ]>^^rtion  of  (he  respiratory  tt?ntre 
ee^x'ially  is  exoitwl,  the  resj>iratioit>  U'injr  in<'reai*e<l  iu  freipK'ncy  and  <lepth. 
During  the  seeond  stage  the  excitation  of  the  expiratory  portion  of  the  respiratory 
centre  is  more  iuten-e  (haii  tfwit  til'  tlic  inspiratory  jiortion,  so  that  the  respini- 
tions  Ix.'eome  slow  and  <leeji,  priilinij^i."d  and  <t»nvidsive,  and  the  movements  of 
inspiration  an'  t'eehle  and  ii»  striking  contract  to  the  violent  s|Misniodic  expira- 
tory efforts.  Ihirfni^  the  third  stage  the  dyspn<ea  is  folhuvol  hy  general 
exhaustion;  the  res[iira(itiiis  niv  shallow  anil  oivur  at  K>nger  and  lunger  inter- 
vals, the  piipiU  be<*<ime  dilated,  the  motor  ivflexes  disip|K*ar,  eon8<*iousness  is 
l(»8t,  the  inspiratory  museles  contract  s|nismixliwdly  with  eacli  inspiratory  act, 
convulsive  twiiriifs  an*  ohservc*!  in  the  muscles  of  the  extremities  and  else- 
where, gasping  ami  snapping  respirator^'  movenienti?  may  l>e  present,  the  legs 
are  rigidly  outstreteheil  and  tl*e  head  and  Wly  are  arched  btickward,  fe<x>  and 
urine  are  usimlly  vcH<le<J,  respiralory  movements  cea>^e,  and  iinally  ttie  heart 
stop  beiiting.  During  these  stages  the  eireuhition  has  undergone  e<aisideral>le 
disturbances.  During  the  tii-st  uimI  seoond  stages  the  blood  has  been  roblx?d 
of  ni!arly  all  its  O,  tlie  gmns,  lips,  and  skin  U^iune  cyanosetl,  and,  owing  u*  the 
venous  condition  of  the  blood,  the  (•nnlio-tnhil)itory  centre  lia>t  been  decidedly 
excitetl,  so  that  the  heai-l's  eonlractions  nw  rendered  less  frequent ;  the  vaso- 
constrictor centre  for  the  same  reason  has  also  Ix^n  excited,  causing  a  ojn- 
strietion  of  the  cjipillaries  and  an  increase  of  bloul-pressurc.  During  the 
Uiird  stage  these  oentres  are  depressed  and  finally  are  paralyzed. 

If  asphyxia  be  t«use<l  by  ligating  the  trachea,  the  whole  series  of  events 
covew  a  period  of  four  to  6ve  unnntcs,  the  first  stage  lasting  for  about  one 
minute,  the  second  a  little  longer,  ami  the  third  from  two  to  dirw?  minutes. 
If  asphyxia  be  pnxint^i  gradually,  as  by  placing  an  animal  within  a  relatively 
large  contine<l  air-space,  death  may  occur  without  the  appearance  of  any  motor 
dislnrl>ances  (p.  4;>»»). 

The  heart  usually  continues  Ijeating  leebly  for  several  miuutes  after  the 
aenatiun  of  respiratiim,  so  that  by  means  of  artificial  respiration  it  is  possible 
fo  restore  the  respiratitry  movements  and  other  suspemlwl  functions.  After 
death  the  blood  is  very  dark,  almost  black.  The  arteries  are  almost  if  not 
entirely  empty,  while  the  veins  and   lungs  are  engorged. 

Death  from  drowning  occurs  generally  from  the  failure  of  respiration, 
occasionally  from  a  cessation  of  the  heart  s  c<n»tractions.  It  is  more  difficult 
to  revive  an  animal  asphyxiated  in  this  way  than  one  which,  out  of  water,  had 
simply  been  deprived  of  air  for  the  same  length  of  time.  D<tgs  submerged 
for  one  and  a  lialf  minutes  can  rarely  be  revivetl,  but  recovery  can  usually  be 
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accomplished  after  deprivation  of  air,  out  of  water,  for  a  period  four  to 
five  times  longer.  Afiter  a  person  has  l>eeii  sulimei^'d  for  five  minutes  it  is 
extremely  ditlicult   to  cHeet  resuscitiition. 

H.  Artificial  Kespiration. 

EfTeetive  metliods  for  maintaiiiinti  vontilution  of  tXxn  Imi^  are  ini|)ortant 
alike  to  the  experimenter  and  to  the  diiiiciaii.  In  the  talxii-atorv  the  u^ual 
method  is  to  expose  the  trachea,  insert  a  cannida  (Fig,  77),  and  then  period- 
ically force  atr  into  the  lungs  hy  means  of  a  [wiirof  Ijcllowsora  pump.  Some 
of  (lie  foriiis  of  apjiaruLuy  are  \iiYy  simple,  while  nlhoi's  are  complicate^].  An 
ordiiiary  j>air  of  bellows  does  very  well  for  short  oxporimeuts,  Imt  for  longer 

L  study,   eHjH-vially   when    it    ii?    necesi^arv 

that  the  supj)lyorair  sliould  iMMinifonn, 
a  ^^^^^       ^^^^    bellowH    aix*    oi>erated    by   power. 

^|I^B       Si>iue  ol'  these  instruments  are  so  txm- 
^1  structcd    that    air    is   alternately  forced 

■■  into  and  wlilidmwn  fi*om  the  lungs. 

^^^^  W  Periodical    inflation  of  the  lungA  is 

W^^^  VB^^A       termed  poaUhe  ventilation ;  the  period- 

Fro.  77.— Cannalv  for  d(«*  (a)  bud  fur  iiiLi        ical    withilmwal    of    air    li'om    the   liuigM 
*nd  rabbita  (6).  ^^  Buctiou  18  negiiihr  ventilation;  and 

alternate  inflation  and  suction   is  compoitnd  ventilation. 

In  practising  artiticial  respiration  we  shonld  iitn'tate  the  normal  rate  and 
depth  of  the  respiratory  movements.  LA»ng-oontinue<l  positive  vcntilatiou 
caases  cerebral  aua^mia,  a  i'all  of  blood-pi'essure,  and  deci'ease  of  bodily  teni- 
peratui'c. 

In  human  beings  it  is  not  pnieticublc,  except  under  extraonlinarv  circum- 
stances, to  inflate  the  lungs  by  the  above  tiietlnwls,  so  that  we  are  de|>endent 
upon  such  means  as  will  enable  us  to  expaiid  ami  eontnict  the  thonicic  cavity 
without  resorting  tti  the  kuit'e.  One  method  iy  to  place  the  ijnlividual  on  his 
Iwick,  the  o|>t!i*ator  taktnj^a  p(>.Hition  4in  his  knees  at  the  head,  fucing  the  feet. 
The  lower  ribs  are  gra>i|te<j  by  both  liands  and  the  lower  autero-latcral  portions 
of  the  thorax  are  elcvatotl,  thus  increasing  the  thoracic  rapacity,  with  a  couse- 
quent  drawing  of  air  into  the  lungs;  the  v\\m  aiul  the  alHlominal  muscles  are 
then  pressed  U|X)n  in  imitation  of  expiration.  These  alternate  movements  are 
kept  up  as  long  as  necessyny. 

The  following  is  Sylvester's  method :  '^  Place  the  patient  on  the  back,  on  » 
flat  snrfat^  inclined  a  little  njuvard  from  the  feet;  rais*;  and  snp]x>rt  the  ln^nd 
and  shoulders  on  a  small  Hi-tn  eushiou  or  folded  article  of  dress  phu^  under 
the  slionlder-blades.  Draw  forward  the  jmtient's  tongue,  and  keep  rt  project- 
ing beyond  the  lil>s ;  an  elastic  band  over  (he  tongue  and  under  the  chin  will 
answer  this  purpose,  or  a  piece  of  string  or  tape  may  be  tied  around  them,  or 
by  raising  the  lower  jaw  the  teeth  may  be  nmde  to  retain  the  tongue  in  that 
position.  Remove  all  tight  clothing  from  about  the  neck  and  chest,  esiK-cially 
the  braces"  ....  "  To  imitate  tlie  movements  of  breathing:  Standing  at  the 
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patient's  head,  grasp  the  arms  jn^t  al>ove  the  ellxiws,  aiul  draw  the  arms  gently 
aud  steadily  upward  »Ix)ve  the  head,  luul  keep  them  stretehLil  ii|>ward  for  two 
aecoudB.  By  tiiiet  meauB  air  is  dmwu  into  the  lungs.  Then  turn  down  tlie 
(Kitient'ii  arms,  and  press  them  gently  and  (irmly  for  two  .seeonds  against  the 
sides  of  the  chest.  Hy  this  menns  air  is  presse<l  out  of  tlie  lungs,  li^^peut 
these  meastuva  alternately,  dehinTutely,  and  penieveriugly  about  fifteen  times 
in  a  ininntc,  until  a  spontaueous  effort  to  respire  is  perceived,  immediately 
u|Jon  whi^'h  cease  t(»  imitate  the  movements  oi'  breathing,  and  pnx-etHi  to 
iudui'e  circulation  and   narintlj." 

A  new  and  effective  method  has  been  reported  by  Calliano :  The  jtatient 
IB  placed  in  Sylvester's  pi>sition  ;  the  arms  are  drawn  up  al>oVf  an<l  bcl»in<l 
the  hca(K  w»d  the  wrists  tied.  Tlii.s  causes  the  thorux  U>  be  expandifd. 
Ret^pi^ution  is  accomplished  by  pressing  con(.*entrieally  with  the  open  hanils 
upim  the  sides  of  the  thorax  an<l  tlie  epigastric  n^gion  ;d)ont  twenty  times  a 
minute.  Tins  metho*!  is  even  more  etiective  if  in  addition  the  jaw  be 
wcilgiHl  open,  and  short,  shar|i  traeticms  i>f  the  tongue  be  praetiseti  immeili- 
ately  prwcding  each  pressure  upon  the  thorax.  These  operations  should  l>e 
eontinueil  for  at  least  one  and  a  half  h*iurs,  if  necessary,  and  aidetl  by  fric- 
tion, external  heat,  etc.  Tiie  pernHftcal  traction  of  the  tongue  act«  as  a 
strong  excitant  to  the  respiratory  centre. 

I.  The  Effects  of  the  Respiratory  Movements  on  the 

Circulation. 

The  respirat«)ry  movements  are  a^-eompanied  by  nmrkitl  chan^i*  in  the  cir- 
ctilation.  If  a  tnu-ing  Ik*  made  of  the  bhxKl-pres'^ure  and  the  pulse  (Fig.  78), 
and  at  the  Siinie  time  the  inspiratory  an<l  expiratory  movements  l»e  noted,  it 
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Pio.  78.— Blood- prcMUre  and  ptiUe  trmclag  ■bowing  the  chftofea  daring  Ixuplratlon  (iM.)  tnd  expi- 

raUon  (EX.). 

will  be  se^n  tliat  the  U!o<_Ml-pre88ure  l»ej»ins  to  rise  sliortly  after  the  onset  of 
inspiration,  <t>mmonly  af\er  a  |)erio<l  ot^upiwl  by  one  to  three  heart-beats,  and 
reaohes  a  maximum  after  the  lapse  of  a  similar  brief  interval  af^er  the  Ix^in- 
nhig  of  expiration,  when  It  l>C|;ins  tn  fall,  reaching  a  niininmm  at\er  the 
beginning  of  the  next  inspiration.  Daring  inspiration  the  pulse-rate  is  mt»re 
frequent  than  during  expinnion  and  the  character  of  the  pulscK-urve  is  some- 
what different. 

The  BfTecta  on   Blood-preaeure. — The  changes   in    blood-pressure  are 
mechanical  effects  due  to  the  actions  of  the  respiratory  movements.     When  it 
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is  rf*menilM?red  tliat  t]»c  lungs  and  the  heart  with  their  great  Ulood-veseels  nre 
plaood  within  an  atr-Mpht  cavity,  tJiat  X\\v  lim^'s  l>eci>nie  inriated  through  the 
a-spiraton'  artion  of  the  inuw'Ifs  of  inspiralioii,  and  that  during  inapiration 
intrathnrat'ic  negative  preseiure  ik  increased,  it  is  easy  to  iinilerstund  how  the 
action  which  causes  inflation  of  the  hings  must  nDect  in  like  manner  8uch 
hollow  elastic  struotnres  as  the  heart  and  the  great  blood-vessels,  and  thus 
influence  the  rircnlation.  It  is  oiiviuiiH,  Itowcvt'r,  tliat  this  influence  nuist  make 
itself  felt  to  a  more  marked  degree  upon  tlie  vessels  than  upon  tlie  heart,  and 
ujKin  the  flaccid  Malls  of  the  veins  tlum  ii]>on  tlie  t'^inipuratively  rigid  walls  of 
the  arteries.  Moreover,  the  eflocts  npan  (lie  flow  of  iilood  Ifirongh  the  vessels 
entering  and  leaving  the  thoracic  cavity  must  he  diiferunt ;  the  inflow  through 
the  veins  must  Ik;  fiivortnl,  and  thLMintfloM-  through  the  arteries  hinderetl ;  hut 
it  is  upon  the  flaccid  veins  eliiefly  that  the  mtchanical  influences  of  inspiratioo 
are  exerted.  If  the  thoracic  cavity  he  freely  oj^ned,  movements  of  inspiration 
iKt  longer  emi^  an  exjKMi^ion  of  the  lungs,  nor  is  there  a  tendency  to  distend 
the  heart  and  the  htrge  hloLKl-vessels ;  if,  however,  in  an  intact  animal  the  out- 
let of  (lie  thorax  be  i-estricted,  as  by  pressure  upon  the  trachea,  the  force  of  the 
inspinitory  movement  wiiuld  tuake  itself  felt  diiffly  u|Mtn  the  hwirt  and  tlie 
vessels*  and  it  is  under  such  eii'cunjstanoes  that  the  maximal  itiflnences  of  in- 
spiration upon  the  eii'cnjation  are  ol>served.  The  lungs  on  the  one  hand  and 
the  heart  and  its  large  vessels  on  the  other  may  l)e  regainiled  as  two  sacs  placed 
within  a  closed  expansible  cav^ity,  the  former  having  an  outlet  eommunlmtlng 
with  the  external  atr,  and  the  latter  having  inlets  and  outlets  coninnniicating 
with  the  extrathoracic  blood-vessels,  Iwtii  Ix^ing  dilate<l  when  the  thorax  ex- 
pands and  constriettMl  when  it  cfwitracts.  Moreoverj  the  blrKxl-vcssels  in  the 
lungs  may  l>e  ixiiniKired  to  a  system  t>f  delicate  tubes  i>laced  within  a  closed 
distensible  bag  and  communicating  with  tul>es  outside  of  the  bag,  simulating 
the  communieation  of  the  vena*  <"avm  and  the  aorta  with  the  extrathoracic 
vessels.  When  such  a  bag  is  distended  the  tubes  undergo  elongation  and 
narrowing,  and  their  capacity  is  increased.  The  narrowed  vessels  also  tend 
to  be  expanded,  owing  to  the  ncgjitive  pressui'e  present ;  and  thus  have  their 
cajmcity  further  increased.  The  lungs  in  the  same  way,  when  expande*!  by 
the  act  of  iu^pintion,  cxliibit  a  sinndtaneous  cl(»ng:ition  and  narrowing  of  the 
intrapulmonary  vessels,  which  results,  however,  in  an  increase  in  their  total 
cnjmcitv. 

During  expiration  negative  intrathoracic  pressuix*  becomes  less,  tH>  that 
there  ib  a  gradual  return  of  the  elongated  atnl  nitrn^wcd  intrathoracic  vessels 
to  that  condition  which  existcnl  at  the  bcginnitig  <if  inspinition  ;  at  the  same 
time  ttic  intrapnhnunary  vessels  are  not  only  subjectwl  to  the  passive  influ- 
ence of  the  declining  intrathoracic  pressure,  but  are  actively  squeezed,  as  it 
were,  between  the  air  in  the  lungs  on  one  side  and  the  expiratory  forces 
expelling  the  air  cm  the  other.  Thus  we  have  during  expiration  passive  and 
active  atrentw  combining  to  bring  about  changes  in  the  capacity  of  the  intra- 
pnlmonary  vessels. 

The  mechanical  effects  of  the  mcvementA  of  respiration  upon  blood-press- 
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ure  limy  be  tTiidi'ly  dotnonstratcfj  by  Hennjr's  device  (Fip.  79).  The  chamber 
A  rcprest'lits  the  thorax  ;  the  rubber  bottom  B  the  diaphrajtrm  ;  c,  the  oiK'ning 
of  the  tni<*ht^ ;  K  l»,  a  tube  leatliii^  frtini  ihe  thoracic  cavity  to  the  iiianumeter 
I,  by  m«?ttiiH  of  whieli  intratli(*nicic  pressurt*  jm  measured  ;  o  is  a  vessel  contain- 
ing water,  colored  blue  in  imitation  of  venoiH  blofKj^  cnnimutiicating  hy  moans 
of  a  tube  with  an  i>bl*»nj;ij  tiiuK'id  bag  f,  in  inittution  of  i\w  heart  and  the  intra- 
thoracic vessels,  and  finiilly  with  tlie  vessel  H  ;  v'  and  V  are  valves  in  imitation 
of  valves  in  the  heart  an<l  pulnioiiarv  vein  and  aiirta.  If  now  the  knob  k 
which  Is  fastened  to  the  centre  of  the  c]ia[»hniy:ni  be  pulled  down,  rarefai'tioa 
of  tlie  air  witJiin  the  ebarnlii-r  (Hv;urs,  so  that  the  greater  external  prea^sure 
forces  air  thnniirh  the  !iibe  f  into  the  Iwo  nibber  kigs  (lungs) ;  at  the  s:tme 
lime  and  for  tlio  snme  rcjison  wiiter  is  i'orced  from  the  vessel  G  into  F,  wiiieh  is 
distended.  The  Jiaphnigni  u|n)n  l*eing  relejtsed  is  <lrawii  up  in  part  by  virtue 
of  its  OW11  elasticity  and  in  pari  by  the  largative  piVNsnre  within  the  ohamljer. 
The  nibber  bags  are  emptied  by  their  own  natural  clastic  reaction.     At  the 
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same  time  the  distended  btig  F  contracts  on  its  contaiue<l  Huid,  forcing  It  into 
the  vessel  H,  the  valve  v  preventing  a  back-flow  into  G.  The  degree  of  foroe 
exerted  by  the  traction  on  the  diaphragm  is  rtad  from  the  si-ale  on  ihe  man- 
ometer. 

This  simple  contrivance  teaches  us  tliat  during  the  entire  phase  of  inspira- 
tion there  is  a  wjndition  of  progressively  increasing  negative  pre*«ui'e  within 
tlie  thorax,  and  that  not  only  is  air  aspirated  into  the  lungs,  but  tliat  Idood  ia 
Vot.  I.— » 
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drawn  into  the  large,  flawid  venae  mvte;  ami  that  during  expiration  there  U  a 
gradual  diminution  of  negative  pressure  during  wldeh  air  is  expelleil  from  the 
lungH  aud  bliHHl  f'rc^ni  the*  expanded  vente  eavie. 

The  increased  flf^w  into  the  thoracic  cavity  during  inspimtion  is  favored  in 
its  progH'ss  thronixli  the  pulnioiiarv  vessels  by  tlie  increased  capacity  of  the 
lung-i^apillarifs  and  hy  ihu  fact  that  the  increa-scd  negative  pressure  nttects  the 
ihiu-walled  ami  sliglitiy  distendcil  pulmonary  veins  nioi-e  thuu  the  thick-wulled 
and  luoie  disteiidu<l  pulmonary  nrlcnes,  i^j  iJuit  the  "driving  force"  of  the  lung 
ciivuhuioij,  which  is  ctisciitlally  tlie  ditfl-rence  in  pressure  between  the  blood  iu 
the  puhiioniiiy  arteries  rind  tluit  iu  the  veiu^,  k  tlieroby  increased  during  in.spi- 
ration  and  the  blood-current  is  driven  with  grKater  velocity.  More  blood  thus 
being  brought  inlu  the  che.*t,  and  n>n^ecjNciitly  to  the  heart,  during  inspiration, 
and  less  rcsistain-e  bt^ing  oiVcretl  to  the  How  of  the  blood  ihnnigh  (lie  hings, 
more  blood  niu.st  ultimately  find  its  way  to  the  left  side  of  the  heart,  and  eon- 
aequently  into  the  gt'uend  circulation.  If,  ther^'fin-c,  the  general  cajtillary 
resistance  in  the  syslenuc  cirL-ulatioti  rcuiains  the  same,  it  is  evident  that  an 
increased  blood-supply  to  tlie  left  ventricle  must  cause  the  general  blocnl-pres- 
Bure  to  rise.  That  this  rise  does  not  be^-oine  niufdfcst  iniine*liatelv  at  the 
beginning  of  insjiiration  is  doubtless  owing  to  the  hlliug  of  the  flaceid  and 
partially  collapsed  large  veins  and  to  the  increased  capacity  of  the  intrapid- 
nionary  vessels.  The  continumicc  of  thv.  rise  for  a  f^hort  time  ai'ter  the  ccs- 
Hation  of  inspiration  is  due  npjmrcntly  tn  (he  partial  cn»ptying  of  the  lung- 
vessels,  wheieby,  owing  to  the  arranguinent  of  the  lieju't-valves,  the  excess  of 
blood  is  forced  towarti  the  left  side  of  tlie  heart. 

Besides  die  above  liictoi-Sj  the  flow  of  lilfHKl  to  the  right  side  of  the  heart  is 
favored  by  the  ptessun;  transmitted  i'rnm  tlie  conjoint  actions  of  the  diapiiriigm 
and  the  abdomiual  walls  through  the  abdominal  viscera  to  the  ulMl(»minal 
vessels.  The  prc5>sure  upon  tlir  iirtcries  tends  to  drive  the  blood  (owaH  (he 
lower  extremities  and  to  hiudiT  the  (low  from  the  heurt ;  in  the  veins,  however, 
the  fiow  toward  the  heart  is  encouraged,  wldJe  that  from  the  extremities  is 
biudered.  The  rigid  walls  lA'  the  artorics  pmteet  them  from  being  materially 
affected,  but  the  thnvid  veins  are  influencetl  tn  a  mariceil  degree;  while,  tlie.re- 
fore,  the  flow  fruni  the  left  side  of  the  heart  is  not  materially  interfered  with, 
that  through  tiie  veins  toward  the  right  Mg  is  appreciably  farJlitatiHl,  and  thus 
the  supply  4if  blo<xl  to  the  heart  is  increased.  Tlic  <.'ifc<*ts  of  thtise  movements 
niav  Im'  scei»  after  section  of  the  phrenit"  nerves,  which  causes  paralysis  of  the 
diaphragm,  when  it  will  l>e  noled  Unit  the  blood-pressure  curves  are  much  re- 
dtR-cil.  This  diminution  is  uttributtMl  to  two  causes — the  enfeebled  respiratory 
movements,  wiiicli  are  now  i*otitlu(Hl  to  the  ribs  and  the  sterutim,  and  tlie 
absence  of  the  pressure  transmittt-d  from  the  diaphragm  through  the  alxloininal 
organs  to  the  veins.  If  in  sucli  an  animal  the  abdomen  be  peri*»di«dly  (com- 
pressed, in  imitation  of  the  clfects  pr(MhKT<l  by  the  coutniction  of  the  dia- 
phragm, the  respiratory  curves  may  be  restored  to  their  normal  height. 

During  cxjiinition,  since  the  conditions  are  reverse<J  the  effects  also  nnist  l>e 
reversed.     The  increased  negative  inirathor-.icic  pi*essure  oct^asioned  by  inspira- 
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lion  now  gives  pla<H;  to  n  ^mdtial  (liiiiiiuition,  uiu)  with  thin  a  lessoning  of  the 
atfpiratory  aotifMi  4I1K'  to  tlie  sul»-atrnos|»ht;ru'  iiitrathoraoic  pros8(ire  ;  tlie  blood- 
supply  is  further  nxlufccl  beiiiuso  of  the  h'sscned  ninoniit  of  blood  ooraing 
through  the  inferior  vena  cava;  the  alMlomiiml  veins,  instead  of  being  com- 
pressed am]  (heir  t-ont^nts  fore^nl  ehicrty  tA>ward  the  hoart,  are  now  being 
filled;  Hniilly,  during  the  shrinkage  of  the  lungs  the  iiunipulinon.iry  vessels 
l»ecorne  lessened  in  oa|»acitv,  and  thna  temporarilv  foree  more  blood  into  the 
M\  side  of  tlip  heart  and  eause  the  brief  rise  of  arterial  pressure  observwl  at 
the  l)epiiining  of  ex|>in»tion. 

Another  faetor  IxiJieved  by  some  to  be  involved  in  the  respiratory  undula- 
tions in  blood-pri^wnre  ia  a  rliythniieal  excitation  of  the  vaao-oonstrietor  eentre 
in  the  nuihiila  f»lilongata»  a>,sertitl  (o  oeour  coincidently  with  the  inspiratory 
discharge  from  the  re^piiatnry  centre.  This  hit-*,  however,  been  dt.sj)roved. 
Others  have  held  that  the  bhH>d-prGssure  changes  arc  due  to  the  pressure  ex- 
erte«l  l»v  the  exparidinjj;  hirigs  uiwin  the  heart;  while  otliera  contend  that 
rhythmical  altenitiotjs  in  ihe  heart-beats  are  iin|x>rtaut.  This  latter  fact(»r  is 
of  import4inee  in  tnati  and  in  the  dog,  in  which  there  is  a  distinct  increase  in 
the  rate  of  the  lienrt-lK-al  diiriiig  iiispinition,  and  etM)p«»rutrs  in  producing  tlie 
genend  rirre  of  i)reM*uiv  during  in.HjHralit»ti. 

The  Effects  oa  the  Pulse. — During  inspiration  the  pulse-rate  is  more 
rapid  tlmn  during  expiration.  If  we  cut  the  pm'im»ngju^tric  nerves,  it  will  l>e 
seen  that,  while  the  nite  is  iiK'rea**e*l  as  the  n^iilt  of  tin*  f*tH*tiiHi,  tfie  dlHeii^nee 
during  inspiration  and  ex[)jnUion  it^  alHtlislK^l ;  on  the  utiier  hand,  if  the  thoiux 
be  widely  opened,  but  the  pnetimogaslric  nerves  are  led  intact,  the  inspiratory 
increase  in  the  rate  still  tKvnis.  This  iiidirtitcrs  that  the  canli(>-inhibitory 
centre  ih  either  less  active  during  inspiration  i»r  moiv  active  during  exjtiration, 
and  that  there  is  an  a'^K-iated  ac*tivity  of  tlie  rcspii-atory  and  eardii>-inhibilory 
centres.  Why  this  symjMithy  sluuild  exist  iMMwxt'n  the  respinitory  and  cardio- 
iidiibitory  cenlres  we  do  not  know,  but  it  has  Iktu  buggested  that  during  expi- 
rati<m  the  blood  reaching  the  centres  is  lews  highly  arterialixeil  than  during 
the  inspiratory  phase,  and  that  thee*ardiac  centre  is  *>  sensitive  to  the  difference 
fls  to  be  attected,  and  thus  its  activity  is  somewhat  increasetl  during  the  expira- 
tory phase,  with  the  oonse*pient  decrease  in  the  pulse-rate. 

During  inspiration  the  pulse-rate  is  not  only  higher  than  during  expiration, 
but  the  form  of  tlic  pulse-wave  is  atTW-ted.  The  systolic,  dicrotic,  and  »eo- 
ondarv  waves  aiv  sinalltr  and  the  dicrotic  notch  is  more  pmnounecti,  so  that 
(he  dicrt»tic  channter  of  the  curves  is  better  marked. 

The  Effects  of  Obstruction  of  the  Air-passagres  and  of  the  Respira- 
tion of  Rarefied  and  Compressed  Air  on  the  Circulation. — The  biixxl- 
pn-ssure  undulations  pnxlueed  during  quiet  breathing  become  marked  in  pro- 
(lortion  to  the  depth  <»f  the  nwpiratory  movements.  Inspiration  or  expiration 
against  extraordinary  resistance — as  after  closing  the  mouth  and  nostrils,  or 
nvpiring  rarefie<l  or  compressed  air — may  materially  modify  the  circulatory  phe- 
nomena. When  we  make  the  most  forcible  inspiratory  effort,  the  air  paMages 
being  fully  o|)en,  not  only  is  then*  a  full  expansion  of  the  lungs,  but  great 
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diafitolic  distention  of  the  heart  and  dilatation  of  the  intrathoracic  vessels ;  yet, 
notwithstitndinj^  that  this  poworfnl  inpiraton*  action  enr^mrages  the  flow  of  an 
extnioniinurily  hir^o  amount  <)f  blood  into  the  thonieic  vt'sspls»  the  hcart-l>oats 
niav  1«'  vory  small,  hecause  intrathoracic  nejpittve  pressure  is  so  great  that  the 
thin-walled  auricles  meet  with  great  resistance  while  contracting;  in  conse- 
quence, then,  of  thin  forciMl  ii»s|>iratorv  cfTtirt  little  hliMwi  is  driven  throng-h  the 
lunpi  to  the  lei\  aiiritU*  and  hy  the  left  ventricle  into  the  general  circulation. 
If  wo  make  the  g^reatest  |>osftihle  expiratory  effort,  and  maintain  the  expira- 
tory phase  vv  it!i  air-passiij;("s  open,  the  heart-heats  arc  small,  owin^  to  the 
Hniall  amount  of  hloud  which  Hows  tlirouj^h  the  veme  c^iva?  to  the  right  auri- 
cle, and  to  the  resistance  offered  by  the  con]pnts5e<l  intrapulmouarv  vessels. 

If,  after  a  most  poweHul  expiration,  we  cluse  tlie  mouth  and  nostrils  aufl 
mitke  a  powerfid  [nsf)irntnry  effort,  tlu?  n.spimtory  effect  of  insrpmition  im  the 
hcJU't  and  the  blo(Hl-V08Si.*ls  is  luauifest  to  its  utmost  degi-ee :  the  heart  and  the 
vessels  tend  to  uu<Iert^>  gn.^iit  dilatation,  the  bUMxl-ttow  to  the  rig!it  auricle  and 
ventricle  is  intTcascfl,  the  intnipnlrmnmry  vessels  and  ihe  heart  become  en- 
l^orged,  and,  ovvin^  lo  the  |Kj\verJ\il  liiu-noii  of  the  negative  pressure  upon  the 
heart,  especially  upon  the  right  auricle,  very  little  bhxxl  is  forced  throuj^h  the 
lungs  to  the  left  auricle  and  veutrii'le  and  sul>sef^uentlv  into  the  genend  circu- 
lation, thus  causing  a  full  of  bloiKl-prcssure;  ituh-eil,  the  h<yrt-Houmls  and  the 
pulse  may  disappear.  If  now  we  make  the  most  forcible  ius[>iratory  etfbrt, 
ehise  the  glottis,  and  mak*-  ii  ]K>wcrful  expiniton*  effort,  n(»t  (ady  is  the  air  in 
the  lungs  subjected  to  high  positive  pre^ssure,  but  llio  heart  and  the  great 
vessels  partake  in  the  pressiire-efleets,  the  bhw-wl  being  forced  from  the  pnl- 
UKinic  circulation  into  the  left  auricle,  thence  by  the  ventricle  into  the  aorta, 
wltli  tiie  ix'sult  (»f  a  temporary  rise  of  bloiKl-pressiuv,  The  piTssure  upon  the 
intratlifvracic  veins  is  so  gr«U  that  the  flow  of  blotnl  into  (he  chest  is  alm^Mt 
shut  off\  heniM?  the  veins  outside  the  tlionix  l>ecome  very  much  distended,  a» 
seen  in  tlic  superHeJal  veins  of  the  neck,  and  the  heart  is  pressed  upm  u*  such 
an  extent  that,  (ogetlier  with  tlie  lessened  sufijily  o1*  IiI^umI,  the  heur1-s«innds 
and  the  mdial  pulse  may  disappear  and  tlie  hliKxl-pressuix'  falls. 

Tlie  respiration  into  i>r  from  a  spirometer  (p.  427)  ctmtaining  nireiied  or 
compressed  air  uHMlities  tlie  blond-pressure  curves.  Inspiriititm  t>f  niretic*]  air 
causes*  a  greater  rise  of  blotMl-pressurc  than  when  rcspinilion  occurs  at  normal 
pressure,  while  during  expiratiotij  alth<iugh  the  hloiKl-pressui'e  falls,  it  may 
remain  sfjmewbat  ubuve  the  normal.  The  incivasi'  <tf  pressure  is  due  to  the 
aspiratory  effort  requiretl  to  draw  the  air  into  the  lungs,  which  effort  also  makes 
itself  felt  to  a  more  niurkt^<l  degree  u[)on  the  heart  and  the  intratlioracic  and 
intraptdrnonar)'  vessels,  thus  tncix^asing  the  bloofl-ffow  through  the  pulmonary 
circulation.  J  hiring  expiration  air  is  aspirateil  i'nnn  tlie  lungs  into  the  spi- 
rometer, tending  to  dilate  the  intratlioracic  and  intrapnlmonary  vessels  and  the 
heart  and  thus  to  nid  the  fmlmonarv  eirenlation.  At'ler  a  time,  however,  there 
is  ii  fall  of  bloiMl-prestture  on  aetMtunt  botli  of  the  engoi'gement  of  the  thomcic 
vessels  and  the  aax)mpanying  depletion  of  the  general  circulation,  and  of  the 
dlstenticm  of  the  heart  and  interfei'cnce  witli  its  contractions. 

Inspii^tion  of  compressed  air  lessens  the  extent  of,  and  may  prevent,  tlie 
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inspiratory  rise,  or  it  may  causae  a  fall.  If^  iijum  tlic  respiration  of  conipi 
air,  iho  pressure  of  the  air  ho  atMivc  (liat  oxorfod  l»v  tUv  rliistic  tension  t)f  the 
lunixi*,  no  effort  of  the  ii»8piralorv  tniiS4'k?i  is  r<H|iiin>i3,  tlic  chest  heing  expanded 
by  the  pressure  of  the  air.  Therelore,  instead  of  an  increase  of  negative  intra- 
thoracic pressure^  as  in  normal  inspiration,  there  is  a  decrease,  and  nt*gative 
iniratlionicic  pressure  is  rcplaccij  liy  [Hisitivc  pressure.  As  a  resiuli,  the  hhuMJ- 
vesselti  and  the  heart,  instead  of  I.H*in^  tlihiied  by  an  aspiintoiT  action,  are 
pressed  u|>ou,  forcing  the  blotxl  into  the  gcjjeral  circulation,  and  thus  cauising  a; 
trannient  ri.-e  of  pressure,  wliirh  is,  however,  snc<*<'oih.'<l  by  a  fail  due  to  obstruc- 
tion U>  the  flow  fif  blotwl  through  tliL'  heart  an<i  the  pnirnonnry  vt^'-elB.  Ex- 
piration into  eumpressed  aij'  i-auses  at  lirst  a  trani^ient  iiicrea>^}  of  bh>od-preHHure 
followed  by  a  fiill,  the  former  l>ein«;  due  to  the  fi>r<-in«;  i»f  souje  of  the  hhwHl 
from  the  intrathoracic  and  iiitnipnlnionaiT  vessels  into  the  ^neral  oiirulation, 
and  the  latter  to  obstruction  to  the  blood-How  tltrough  the  heart  and  the  pul- 
nionari'  circulation. 

When  individuals  are  cxjiosi'd  to  compressed  air,  as  in  a  pneumatic  rabinet, 
or  to  rarefied  air,  as  in  balhHininjj,  the  effects  on  the  ctrculation  b^^ci^me  of  a 
ver)'  complex  character,  owing  chit-fly  t(»  the  additional  influenws  of  the 
abnormal  pressure  upun  the  peripheral  ciivulati*jn  ;  more«iver,  the  efiecta  of 
breathing;  ag;nnst  ohstructi<»ns  or  of  respiring  raivfied  or  conipress^/^l  air  may 
be  materially  inttneneod  by  secondary  effects  resulting  from  excitation  of  tlie 
canliac  and  va.so-motor  mechani^nis. 

In  artljicinl  rejipirntifm,  il'*  onhnarily  performed  in  the  lalroratory,  air  is 
perirKlical ly  foroctl  into  the  lungs  by  a  |Miir  of  Ix'llows  or  a  pump,  and  is  ex- 
pelled from  the  lungs  by  (he  rionnid  ehistie  anil  merliHuitid  factors  n{  expira- 
tion. When  the  lungs  are  intiated  the  pulmonary  capillaries  are  subjwiwl  to 
opposing  forces — the  |M>iitive  pressure  of  the  air  within  the  lungs  on  one  hand, 
and  the  rcAistanee  of  the  thonicic  walls  on  the  other — so  that  ihe  blood  is 
sfpK^'zed  *ait,  thus  mojuentarily  increasing  tlie  hl(n«l-pressure,  but  -^ulisefpicntly 
retarding  the  current  and  consequently  hiwering  the  pre?«ure.  During  expira- 
tion the  pressure  is  removetl  and  the  l)lood-fl4)W  is  encouraged ;  there  is,  there- 
fore, a  temponiry  fall  during  tliu  filling  of  the  j»nlrnon!n"\'  vessi'ls,  followed  by 
a  rise  <lue  to  the  removal  of  the  obstruction.  If  the  air  ia  aspirated  fn)m  the 
lungs,  the  rise  of  the  pressure  is  augmented,  owing  to  tlie  further  dilatation  of 
die  intrapulnniiiary  capillaries;  hence,  in  arttHcial  respiration,  during  the  in- 
spiratory phase  the  bl<HHl-pressure  curves  are  reversed,  ritere  k-ing  a  primary 
tnnisient  rise  followed  by  a  fall,  and  during  the  expiratory  phase  a  transient 
fall  followe^l  by  a  ri.so.  In  normal  respirasinn  the  oscillations  are  due  e.ssen- 
tially  to  tlie  clianges  in  capacity  of  the  intrapulraonary  vessels  caused  essen- 
tially by  the  altenitiona  in  their  length,  while  in  artificial  respiration  the 
effects  of  these  alterations  are  op|>osed  and  superseded  by  those  due  directly 
to  positive  intrapulmonary  pressure. 

J.  Special  Rbsperatort  Movembnts. 
The  rhytlimical  expan8ion^  and  c»intractions  i»f  the  thonix  which  we  under- 
stand as  respiratory  movements  have  for  their  objo<*t  the  ventilation  of  the 
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luDg!?.  There  are,  Jiowe\'er,  other  moveroeotH  which  posers  certain  respiratory 
characters,  but  which  are  for  entirely  differpnt  purposes,  hence  they  are  f;poken 
of  us  sp<Tial  <ir  tmKlifiwl  respirator)-  movements.  Some  of  these  mtivcnienth 
are  purp<jscful  in  character,  others  are  s|)a$modic ;  some  are  voluntary  or  in- 
voluntary, or  pi>ss^'^s  l>oth  volitional  and  iuvolitional  diaracteristics ;  some  are 
pecnliar  to  certain  species,  etc.  Among  such  movements  are  cougliing,  hawking, 
aneeicing,  laughing,  crying,  sobbing,  sighing,  yawning,  snoring,  garbling,  faio- 
cougb,  neighing,  braying,  growling,  etc. 

In  coughing  a  preliminary'  inspiration  i.*  followed  by  an  eiEpiration  which  ib 
frequently  iuterruptetl^  the  glottis  being  |>artially  clugeil  at  the  tunc  of  the 
occurrence  of  each  interruption,  so  that  a  wries  of  characteri5tic  wMinds  is 
caused.  The  air  is  forcibly  ejected  through  the  mouth,  and  thus  foreign  parti- 
cles, such  as  mucus  in  the  respiratory  passages,  may  be  ex|K-llcd.  Coughing 
may  be  either  voluntary  or  reflex. 

Hawking  is  somewhat  similar  to  coughing.  The  glottis  i.s,  however,  open 
during  die  expiratory'  act,  and  the  expinttion  is  continuous.  The  ciurent  of 
air  is  forced  thnmgh  the  contracted  j>aHsagc  between  the  root  of  the  tongue 
and  the  soft  ])alate.     Hawking  is  a  voluntary  act. 

In  sneezing  a  deep  inspiration  is  followetl  by  a  forcible  expiratory  bliist 
directed  through  the  nose;  the  glottis  is  open,  and  siiould  the  oral  pas.sag<'  he 
ojten,  which  is  not  usually  the  case,  a  portion  of  the  blast  is  forced  through  tlie 
mouth.  Sneezing  Ls  usually  u  reflpx  net  commonly  excite*l  by  irritation  of  the 
fibres  of  the  nasal  branches  of  the  fifth  pair  of  ci'nnial  nerves.  Peculiar  sen- 
sations in  the  nose  give  us  a  pretiiouition  of  sneezing ;  at  such  a  time  the  act 
may  be  prevente<l  by  firmly  pressing  the  finger  upon  the  upper  lip. 

In  laughingtliere  is  an  inspinition  f(»Il(>M'e<J,  as  in  cnngliini;,  bva  repeatcdly- 
inlerrup(e<l  expiration  during  which  tiit'  glottis  is  o|K*n  :iu«]  iln'  v'M^tl  cfirds  are 
thrown  into  vibration  with  each  cxpiratoiy  movement.  The  expirations  are 
not  as  forcible  as  in  coughing,  the  mootli  is  wide  open,  and  the  fiicc  has  a 
characteristic  expression  due  U*  the  i^-ontmclion  of  the  muscles  of  expression. 

Crying  b<iars  a  close  relationship  to  laughing — so  mm-h  so  that  at  times  it 
is  im|>oasibIe  to  distinguish  Ix-tweeii  the  two;  hence  one  may  readily  pass  into 
the  other,  as  fre(juently  occnr^  Jn  ciiscs  of  hysteria  and  in  young  cliildi*cu. 
The  chief  difiereiices  between  the  two  are  In  the  rhythm  and  the  facial  expres- 
sion. A  secretion  of  tears  is  an  acc^^impaniment  of  crying,  but  not  so  of 
laughing,  except  during  very  hearty  laughter.  Cri'ing  nnrninlly  is  involun- 
tary; laugiiing  may  be  either  voluntary  or  involuntary. 

Sobbing,  which  is  apt  to  follow  a  long  jwrioti  of  crying,  is  characterized  as 
being  n  series  of  spasmodic  inspirati4ins  during  ea(*h  of  which  the  glottis  is 
partially  closed,  and  tlie  series  is  ioMowcd  by  a  long,  quiet  cx|)iration.  This  is 
usually  involuntary,  but  may  sometimes  W  arrested  volitionally.  In  sighing 
there  is  a  long  inspiration  attended  by  a  jxH-uliar  plaintivt'  s(inn<l.  The  mouth 
may  Ik*  either  close<l  or  partially  open.     Sigliiug  is  usually  vi»liuitary. 

Yawning  has  certain  fwitures  like  the  prt^cedijig.  There  oirurs  a  long, 
deep  inspiration  during  wbicli  the  mouth  is  slivtched  wide  ojh'M,  nrul  there  is 
usually  a  simultaneous  strong  contraction  of  certain  of  the  muscles  of  the 
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Bhonl<]crs  nnd  i\\o  hack  ;  the  glottiB  is  wide  open,  and  inspiration  is  accompa- 
nied by  a  peculiar  sound  ;  expiration  is  short.  Yawning  may  be  either  vohm- 
tar\'  or  iuvohintarv. 

In  Hnortng  the  mnuth  is  open,  and  the  inflow  and  outHow  of  air  throws  the 
uvula  and  the  soft  palate  into  vibration.  The  sound  priKJuced  is  more  niarkal 
during  inspinitinn,  and  may  even  he  J^hs^'nt  iluiiity:  expinilion.  It  is  moiv  apt 
to  occur  when  the  individual  is  lying  ou  his  back  than  wiien  in  any  other 
poeture.     Snoring  is  usually  involuntary,  but  it  may  he  volitional. 

In  gargling  the  Huiil  is  hrjd  Ik-Iwi  uu  tho  tongue  and  the  soft  palate  and  air 
is  expiatl  through  it  in  the  form  of  buUhlo. 

In  hiccough  then?  is  a  sudden  inspiRitory  off'ort  caused  by  a  8|>a9modic 
twitch  *>f  the  (liaphmgm  and  attended  by  a  sudden  dosniv  of  the  glottis,  so 
that  the  inspiratory  movement  is  suddenly  arn'stotl.  thus  «ujtiing  a  characteris- 
tic stiuiuL  IIi<x'v)Ugh  is  sometimes  not  i>idy  distressing,  hut  may  be  even  seri- 
ous or  fatal  in  its  auiseqnences.  It  is  esiKM-ially  apt  to  occur  in  cases  of  gststric 
irritation,  In  certain  fornis  of  hysteria,  in  alcoholism,  in  ummia,  etc. 

l$«'»ides  the  alH»ve  s|>eciul  respiratory  movementii,  others  aix'  ol>8erve<l  in 
certain  species  of  animals,  such  as  whining,  neighing,  hrnying,  roaring,  licllow- 
ing,  Imwlinf^,  iKirkiuL''.  |iurniijr.  growling,  etc. 

Of  all  these  nuKlititd  respiratory  movements,  coughing  possesses  to  the 
clinician  (he  nmst  interest,  l>etrause  it  not  only  may  express  an  abnormal  condi- 
tion of  snnj(*  [Nirtion  of  the  lungs,  trnehen,  or  larynx,  but  may  indieate  irrita- 
tion in  even  remote  and  eutiivly  utiae<*ix'Ialed  parts.  Thus,  coughing  may  l)e 
the  result  of  irritation  in  the  nuse,  ear,  pjiarvux.  stomach,  liver,  spleen,  inles- 
tiues,  ovaries,  testicle,  uterus,  or  mamma.  (  otiglis  which  are  not  de|>endont 
upon  irritation  of  the  larynv,  trachea,  or  lungs  are  distinguished  as  synjpa- 
tlietic  or  reriex  couglis.  Tlie  term  "  n-ilcx  "  xt^  a  t»ad  one,  liowcver,  inasmuch 
as  all  coughs  are  e&sentially  or  solely  reflex. 


Bl  Thb  Nervous  MEcaANiBM  op  the  Rkspiratoby  Movembntb. 

Thr  movements  of  respiration  are  carried  on  involuntarily  and  automati- 
ejilly— ^that  is,  they  recur  by  virtue  of  the  activitA'  of  a  self-governing  ntcch- 
anism.  I^ieh  respiratory  act  necessitates  a  finely  co-ordiuatrtl  adjustment  <»f 
the  (contractions  of  a  numi>er  of  muscles,  which  a^ljustment  is  dej^ndent  U|xm 
tlie  operations  of  a  dominating  or  controlling  nerve-centre  locate*!  in  the 
medulla  oblongiitn,  and  known  as  the  respirotort/  centre.  Ik?sides  this  centre, 
others  of  minor  im|H*rtanre  have  l>een  asw  rte*!  to  exist  in  certain  parts  of  the 
oerebro-Bpinal  axis;  these  centres  are  distinguished  u»  gtihttulinri/ or  mtlmrtiimiir 
r^pirntonj  rmtrcn.  Cfinnwtwl  with  the  resi>irat*>ry  eentn*  are  afferent  and 
efferent  rcxfrinttortf  nerveti. 

The  Respiratory  Centres. — After  removal  of  all  parts  of  the  brain  except 
tlie  spinal  bulb,  rhytfmiical  respiratory  movements  may  still  contiime,  but  after 
destruction  of  the  lower  part  of  iht*  bidb  they  at  once  cease.  These  facts  indi- 
cate tliat  the  centre  for  these  movements  is  in  the  medulla  oblongata,  and  this 
oonclosion  is  sul>slantiate<l  by  the  results  of  other  experiments  ujKm  this 
region.     According  to  the  observations  of  Flourens,  the  respiratory  centre  w 
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locatotl  in  an  area  about  5  millimeters  wide  butwet'ii  tlic  nuoloi  of  the  pnoiimo- 
gastric  ami  spinal  accessory  nerves  in  the  lower  end  of  the  calamus  scriptorioa. 
When  this  region  was  dt^troyod  he  found  that  rrspimtory  niovcnients  ceased 
and  deatli  ensued,  consequently  lie  termed  it  the  uGeud  vital,  or  vUal  knot. 
The  results  of  various  investigations  show,  however,  that  Flourens'  area,  a^ 
well  as  certain  other  parts  of  the  medulla  oblongata  that  have  been  looked 
upim  by  olhors  as  being  respiratory  centres,  are  not  sudi,  hut  are  largely  or 
wholly  cdik'ctions  of  iierve-fibros  which  arise  chiefly  in  the  roots  of  the  vagal, 
spiiiiil  a<^«fisory,  glfjsso-phiiryngeal,  and  trigeminal  nerves,  and  which  there- 
foH'  arc  probably  utTvu-paths  lo  and  from  the  respiratory  centre.  Moreover, 
excitation  of  the  naiu!  vtUd  d(te>  not  excite  respiratory  movements,  but  simply 
increases  the  tonicity  of  the  diapliragm ;  nor  is  the  destruction  of  the  area 
always  followed  by  a  fx?ssution  of  respiration.  While  the  precise  location  of 
the  i-entre  is  still  in  dtmbt,  tiiere  is  abundant  evidence  to  justify  the  InJief  iu 
its  existence  in  the  lower  portion  of  the  spinal  bulb. 

The  centre  is  bilatend,  one  ludf  being  siiualud  on  each  side  of  the  median 
line,  the  two  parts  iH'ing  intimately  con^ectf^d  by  coniniissnral  fibres,  thus  con- 
stituting p]iysi<»lugically  a  single  centre.  This  union  may  he  d<?stroyed  by 
section  along  the  meiban  line.  Each  half  acts  more  or  less  indej^endently  of, 
although  synrhroncnisly  with,  the  other,  and  each  is  connected  with  the  hings 
and  the  muscles  of  respiration  of  the  corr*!S|M}nding  side.  These  facts  are 
rendered  manifest  in  the  following  observations;  If  a  section  be  made  in  the 
mHliaii  line  so  as  to  unt  the  commissural  fibres,  the  r&apiratory  movements  on 
die  (wo  sides  rontfnnc  synchronously  ;  if  now  the  portion  of  the  centre  on  the 
one  side  be  destroyed,  the  ivspiratorv  movements  on  the  cttrrespondiug  side  tem- 
ponirily  or  permanently  ^-ease.  If  after  s^xHion  in  the  mediun  line  one  pneumo- 
gastric  nerve  be  divide<l,  tlie  sensory  impulses  conveyed  irom  the  lungs  on  tlie 
side  of  section  to  the  corrcsjwjmling  half  of  (he  inspiratory  centre  are  prevented 
fi*om  reaching  the  t."entre,  causing  the  movements  of  the  n^spiratory  muscles  on 
the  same  side  to  be  slower  and  tfie  inspirations  stronger  ascompaivd  with  those 
on  the  opposite  side  ;  if  both  pncumogastrics  be  divided,  and  the  central  end  of 
one  of  the  cut  nerves  be  excite*!  high  irj  the  neck  by  a  stnmg  current,  the  i-espi- 
ratorv  movements  on  the  same  side  may  Ix-  *uTesle<l.  yet  they  m^y  continue  on 
the  o])posite  side.  These  facts  indicate  that  ciich  half  is  in  a  nK^isure  inde- 
pendent of  the  other.  The  operations  in  the  two  purt«  are,  however,  inti- 
matelv  relat<^l.  as  shown  by  the  fact  that  if  the  commis^uni!  fibres  between 
the  halves  are  intact,  excitiition  or  depression  of  one  half  is  to  a  ciTtain  degree 
shai-ed  by  the  other.  Thus,  after  section  of  one  vagos  not  only  are  the  respi- 
nitory  movements  less  frequent  ami  the  ijispinitions  stnmi^er  on  the  side  of 
the  section,  but  there  is  a  corresponding  condition  on  the  o]jj)osite  side;  simi- 
larly, excitation  of  the  central  end  of  the  cut  nerve  incn^ases  the  respiratory 
rate  both  on  the  same  and  on  the  opposite  side.  Conscqut^ntly,  wl»ile  tliere  is 
more  or  lesa  indejK-ndencv  of  tlie  halves,  the  two  are  physiologically  so 
intimately  associated  as  to  cHjn.-tituti.'  a  eomm^jn  or  single  ccntiv. 

Moreover,  each  of  the  halves  n)ay  be  supposed  to  consist  of  two  distinct 
portions,  one  of  wliich,  upon  exeitalion,  gives  rise  to  contraction  of  inspiratory 
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niu&cIcHy  till'  other  to contraotiou  of  oxpinilory  muscles;  Ueuce  they  are  ttjHiken 
of  u£t  inspiratory  and  expiraiory  fiarts  of  the  respirator}'  centre^  or  as  invpi- 
ratory  uud  exph-atonj  centrrjf.  Mmlerate  cxeitJition  of  the  itiHpimtory  centre 
t-auiiies  not  only  eoiitiiwlion  of  rnspimtory  ninsiMt.'s,  Imt  iiri  inrmise  in  tl»e 
respinitory  rale ;  and  if  tlie  irriLuliuu  be  sufficiently  strong,  there  ooeurs  a 
8|)iismodic  arrest  of  the  iT^pirator}'  movenieuts  in  tlic  inspiratory  phase.  On 
tlie  contrary,  cjceitalion  of  the  expipator^'  ceutre  causes  'X)Utractiou  of  expi- 
ratory mascles  and  dinitnishcs  ttie  respirator}'  rate;  powerful  excitation  of  the 
same  «*utn'  is  fi>lh>wed  hy  an-est  of  movenicntn  in  tlie  expiratory  pluise. 
The  iiiHpinit^iry  portion  may  therefore  l)e  regarded  not  only  as  beinjj  sjie- 
cifioally  connettetl  with  in!*pinitory  muscles,  but  in  the  i^nse  of  an  accelerator 
centre;  and  the  expiratory  jx>rtion  may  l)e  regardwl  as  l}eing  Htmilarly  oon- 
nected  whh  expiratory'  mnscle»,  and  as  being  an  inhibitory  cvutre.  When  (he 
two  are  i-onjolntly  excitwl  the  accelerator  effect  prevails,  Ixt-aase  under  ordinary 
circumstances  the  accelerator  element  of  the  centre  seems  more  excitable  and 
{Kitent  than  the  inhibitory;  therefore,  when  the  centre  as  a  whole  is  irritatcdj 
it  rnaiiiffs^t-s  an  accelerator  rlumnter. 

In  addition  to  this  centre,  the  existence  of  sulwidinry  centres  Ls  claimed, 
situuteil  liotli  in  the  hniiii  rind  in  the  Npiniil  conl.  OnOLvntiv  has  beiin  ItH-uttHl 
in  the  nd>bit  in  the  tuba'  cincrrum,  whicii  has  been  nameit  a  (MjlyjHKcic  cenliv, 
because  when  excited  the  respirations  are  rendereil  extremely  frequent.  The 
sensitivemiss  of  tliis  centre  is  readily  dcmonstratcil  hv  subjecting;  nn  animal 
to  a  high  external  (crn|H'niture,  when  a  niarkctl  increa.se  of  the  respiratorv  rate 
follows;  if  now  the  luU^r  einereum  Im*  destroyeil,  there  occurs  an  imniwliate 
<;es8fiation  *jf  the  acceleratwl  movements.  Another  area  has  been  looateil  in 
the  npfic  ihaiauinn  in  the  H<>f>r  of  the  third  ventricle;  this  centre  i.s  bcHeved 
to  be  excitetl  by  jjnptilM's  (.■arrieil  i>y  the  nerves  of  sight  and  hearing,  and 
when  irritate*!  taiuises  an  acceleration  of  (he  respiratory  rate,  and  when  strongly 
excited  arrests  respiration  during  tlie  inspinitorv  phase;  hence  it  i?  rcganled 
as  an  inspiratory  <ir  accvlenilor  c*Mitre.  .Another  centre  has  been  If>crtt(Hl  in 
the  anterior  pair  of  the  cotpm^a  quadrigenuna  ;  it  causes  expiratory  and  inhibi- 
tory effects,  and  may  iher^rfore  be  place<l  anxmg  the  expirator\'  or  inhibitory 
centres.  An  inspinitorv  or  a(X'elcrat4)r  centre  hjis  been  rKx>nled  as  existing  in 
the  pottfcrior  pair  of  the  corfiora  qnatlrif/emino  and  the  pon^  \'tirniii.  The 
rntclri  of  (he  trir/emini  are  al^f)  said  to  act  as  inspira(iiry  or  accelerator  centres. 
Ilespimtory  centres  are  likewise  claimed  to  exist  in  the  brain -cortex.  It  is 
very  doubtful,  however,  whether  or  not  these  sfM^dled  snijsidiary  respiratory 
centres  should  lie  regarded  as  being  of  a  8[KN'ific  character.  In  any  event,  we 
^■annot  !*uppose  that  those  centres  are  capable  of  evoking  directly  respiratory 
movements.  If  they  exist,  they  are  jiroUiMy  (vmnecteii  with  the  metlulhiry 
centre,  through  which  they  exert  their  influence  on  the  nxpinitory  movements. 

The  existence  of  a  respiratory  centre  in  the  apimd  coni  is  also  doubtful. 
The  chief  rt*ason  tor  the  claim  of  its  existence  is  that  respiiiitory  movements 
may  for  a  time  lie  observed  alYer  secti(*n  of  the  cerebro-spinal  axis  at  the  junc- 
tion of  the  H]>inal  cord  :md  bulb.  In  new-lmrn  animals  a^er  such  w'ction 
respiratory  movements  may  (Mintinuc  for  some  time,  strychnine  rendering  thera 
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more  pionouncetL  Again,  miimals  in  wliidi  respiration  has  l>con  artifirnally 
maiijt:iiufd  for  a  long  time  may,  iiiler  set'tion  of  the  cord  at  the  junctiou  with 
the  bulb,  exiubit  respirutory  movements  ai\er  artificial  respiration  has  be«i 
suspended.  The  respinur»rv  iivovomeuts  under  these  oircuaistances  are,  how- 
ever, of  a  spa.smn(ii4'  tJiiinirt^^r,  and  distinrtly  iiidiko  thr  ro-ordinated  rhviiimi- 
cal  movements  observed  in  normal  animals;  the  movements  are  ratber  of  tbt 
nature  of  sjwisms  simulating  iiorinal  rtsfJii-atlous. 

The  Rht/flnuie  Arliriti/  of  thr  RfttpiftiUfry  ('mire, — The  rhythmic  sequence 
of  th(^  respiratory  movemeuts  is  duo  to  periodic  discharges  from  the  respinUm 
centre.     The  c;ui.se  <if  this  peritHlicity   is  still  tibscurc,  bnt   the  fact   that 
rhythm  continues  after  the  cMmbinwl  section  of  the  vagi  and  the  glosso-phary 
goal  nerves,  of  the  spinal  cord  iu  the  lower  ccrviral  rogi<m,  of  the  paste 
rotJts  of  the  cerviwil   Hpinal   nerves,  and  of  the  spinal   bulb   from    the  pai 
above,  indicates  that   the   rhytliin    is   inherent   in   the  nerve-cells,  and    is 
causeil  by  external  stimuli  earrieil   to  the  centre  through  ntferent   ncrvo-fibrei 
I>>ewy  ^  has  shown  that  under  the  above  circumstauees,  when  the  centre  is  iso- 
lated from  afPcrent  nervc-iniptd^>Gs,  the  rhythmical  activity  of  the  centre  is  due  to 
the  blootl,  which,  while  acting  as  a  coiuiniiou.s  excitant,  csuuses  discontizuiotte  tj^i 
perifxlic  discharges,  so  that,  although  we  usually  speak  of  the  activity  of  4^| 
respiratory  centre  as  l)cinjj:  anton»iiti<' — that  in,  not  iniriipdiat**ly  dc|>endrnt  ti|>o^^ 
external  stimuli — yet  as  a  matter  of  faet  the  apparently  automatic  dis<.-lia 
are  in  reality  due  to  the  stimulation  by  the  blood  ;  the  centre  is  therefore  &u 
matic  ordy  with  ref(^renee  to  external  ncrvt^stinuiltition. 

The  rhythm  as  well  as  the  rate,  force, and  other  chanwrtersof  the  dischsi 
maybe  affected   materially  by  the   will   and   emotions;  by   the   ooni|»ositi«>n, 
supply,  aii<l  temporatiirc  of  the  h]ij(Hl ;  and  csjiceially  by  certain   afferent  im- 
pul.'-i.'S,  pre-eminently  th<.»sc  originating  iu  the  pueumogastric  nerves.      A?  to 
the  inHiience  of  thf  will  and  emotions,  we  are  able,  as  is  well  known,  to  modifv 
voluntarily  to  a  certain  extent  the  rhytlmi  and  other  characters  of  tlie  reBpii»- 
tions,  while  thv  striking  elTt-ct  of  emotions  n\Hm  respiratory  movements  is  a 
matter  nf  almost  daily  observation.     'Jlie  !mp<irtancc  of  the  <^»ni|>ositioD  of 
the  blood  is  manifested  by  the  marke<l  efieet  upon  the  respirations  when  th* 
blood  is  defirient  in  (),  wlu-n  it  tvnitairis  an  excess  nf  CO^.  and  dnrintj  niuactt- 
lar  activity*  when  in  rhn  Ijlrmd  there  is  a  relative  abundance  of  certain  products 
resulting  from  muscular  metabolism.      If  the   blood-supply  to  the  (wntre  is 
diminishefl,  as  after  severe  hrniorrliagc  or  after  clamping  the  aorta  so  as  to 
interfere  with  the  jtrebnil  cri-c-nlation,  tiie  ivs])iratiini.s  are  lesis  freqnent 
the  rhythm  is  affecte«l»  the  form  of  breathing  having  a  Choyne-Stokcs  ch 
aeter  (p.  424) ;  e4uivcrsely,  an  increase  in  the  blo(Hl-«upply  cauises  an  in 
in  the  nite.      An  incn:ase  or  decrease  in   the  tcmpeniture  4)f  the   blood    ind 
c«:)rresponding  cliatigt.'s  in  the  rate;  tliun,  iu  fever  the  frequency  of  the  mo 
ments  incrcas<'s  almost  pari  pnsjtn  with  the  augmentation  of  temperature,  wb: 
if  the  triupenitnre  of  the  bl(>o<l  l>c  re<lnce<l  bv  applying  ice  to  the  carotids,  lb? 
rate  is  IcsrtiMHNl. 

'  PfiHga't  Archil'/.  Phtfnologir,  1889,  Bd.  xlii.  S.  245-281. 
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AiTerent  im|iulse8  exeivisc  an  important,  and  practically  a  continiicms,  influ- 
ence. Alter  section  oC  une  pncuniogiissiru;  nerv*.'  the  reapirations  are  sotiiewlmt 
less  fifquent ;  after  section  of  bath  nerves  the  respirations  become  considerabty 
less  frcrpicnt  and  deejntr  and  otlierwise  changed,  If  we  stinmlnte  the  (X'ntral 
end  of  one  of  tliese  cut  ntTvwi  Ik?1ow  tlie  origin  of  tlie  laryngeal  branches  by 
a  current  of  electricity  of  moderate  intensity,  the  respiratory  rate  may  be  in- 
creased, and  we  may  be  alile  to  restore,  or  even  exceed,  tiie  uornud  fn:'([tR'nev. 
The  fact  that  section  of  these  ucrvefi  is  followed  by  a  diininutiun  of  the  rate 
and  that  excitation  of  the  central  end  of  the  cut  nerve  causes  an  increase  Ic^ds 
us  tn  l>elieve  that  the  pneunitigastric  nerves  are  eontirnuilly  conveying  iniptilses 
fr()tn  the  lungs  1*1  (he  I'espii-Jitory  eentre,  which  inijHdse-s  in  some  way  increase 
the  nuinlKjr  of  dis4*hurges,  and  ihus  the  resjiiratory  rate.  The  centre  may  be 
excited  or  depres>*ed  by  excitation  of  tlie  cutaneous  nerves  and  the  sensory 
nerves  in  general  ;  thus,  external  heat  accelerates,  while  a  (lash  of  cold  water 
may  either  acwlcnitc  or  inhiLiit,  ros|jiralory  niovemenls.  Excitation  of  the 
glosso-pharyngeal  nerves  tohibits  the  respirations.  Such  inhibition  <xvui-s 
during  deglutition  to  avoid  the  rit-k  of  intrmhieing  foreign  iKwlifs  int<i  the 
larynx.  Similar  respiratory  inhibition  may  be  indmrd  by  excitation  of  the 
superior  laryngeal  nerves,  when,  if  the  degree  (*f  irritation  be  suHiciently 
strong,  complete  arrest  of  the  respiratory  movements  may  occur.  Strong  irri- 
tation of  till?  olfactory  nerves  aiul  (»t"  tlie  fibres  of  the  trigemini  distributed  to 
the  nasal  chamlx^rs  excites  expiration  and  may  be  followed  by  complete  inhibi- 
tion of  the  respiratory  movements;  stnnig  irritation  of  the  optic  and  auditory 
nerves  excites  inspinitory  activity;  and  irriiah<m  of  the  sciatic  nerve  causes  an 
increase  of  the  rate,  and  may  or  may  not  affect  the  depth  of  bi'eathing; 

The  study  of  the  rhythmic  activity  of  the  respiratory  centre  is  further 
complicated  ijy  the  fact  that  there  is  not  only  a  rliytlmiic  .setiucn(*e  of  the  res- 
jiiratioiis^  but  a  rhythmic  idtcruatlou  of  inspinitorv  iind  expiritor\'  m(>vc- 
ments.  While  it  is  true  that  in  ordinary  quiet  expiration  but  little  of  the 
musi'ular  element  Is  i)resent,yet  forced  expiration  is  a  well-defined  co-ordinated 
muscular  act.  The  me<'hanism  whereby  this  alternation  is  bronglit  about  is 
not  undei'stoifd.  Some  l>elieve  that  the  pneumogastric  nt>rve>  contain  bitth 
innpii-iitory  and  expiratory  fibres  which  are  connecteil  with  eorrcHponding  [wirta 
of  the  respirat«iry  a;ritrc  aud  alternately  convey  tlicir  respective  impulses  to 
the  centre,  innpiratory  imjndses  being  excitc<l  during  expiration  and  expinitory 
impubcs  daring  inspiration  (p.  3f)7).  These  imjinlses  are,  however,  not  indis- 
pen^iable  to  the  alternation  of  inspiration  and  exjnration,  Iwcausc  these  acts 
follow  each  t\{\\vv  regularly,  even  after  the  isolation  fif  the  respiratory  centre 
from  the   lungs  by  section  of  the  pneumogastric  nerves. 

Thus  we  may  conclude  that  the  rhythmical  discharges  from  the  centre  are 
due  priiiiat'ily  to  an  iidicrent  property  of  periodic  activity  of  the  nerve-cells 
constituting  the  respiratory  centre  and  nuiintaineti  by  tlie  bhxxl,  and  that  the 
rhythm,  ntte,  and  oiher  charactui*s  of  these  dis<'harge.s  may  Ik-  atfcetcd  by  the 
will  and  the  emotinris,  by  the  composiltf>n,  supply,  and  temporatun'  of  the 
blood,  and  by  various  afferent  impulses.     Tlie  chief  factors  are,  under  onli- 
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more  proin)unoe<l.  Agnin,  animals  in  wliicli  respiration  has  l)eeu  artificiallv 
maintained  for  a  lon^  time  may,  after  .scvtion  of  the  cord  at  the  juDctiou  with 
the  bulb,  oxhiljit  respiratory  movements  after  artificial  respiration  has  been 
8asj'>en(io(i.  '^fhe  respinitnrv  niovfinionts  under  these  eiimnistanc^s  are,  how- 
ever, of  a  hpasnifiiiie  eliiiiiteter,  and  di>itinctly  niilike  the  eo-on!inate<I  rhytlmii- 
cal  movements  observed  in  normal  animals;  the  movements  are  rather  of  the 
nature  of  spasms  simulating  normal  respirations. 

The  Rhtfthinir  Aciiri(t/  uf  the  I\ei*piratonf  Centre. — The  rhvthmic  sequence 
of  the  respiratory  movements  is  due  to  periodic  dii«ctharg^  from  tlje  respinitoiy 
centre.  The  eaiise  of  this  jieriodieity  is  still  i^lis^Mir*^,  but  the  fact  that  the 
rhythm  continues  after  the  fvjmbiiie^l  scrrion  of  the  va^i  and  llie  glosso- pharyn- 
geal ner>'e»,  of  the  spinal  conl  in  tin'  lower  cervical  itrgion,  of  the  posterior 
rotits  of  the  cervit^l  spinal  nerves,  and  of  the  spinal  bulb  from  the  parts 
above,  indittites  that  tlie  rhythm  is  inherent  in  the  nerve-cells,  and  i**  not 
canscil  l>y  external  stimuli  earrie<l  to  the  centre  through  nflerent  nervo-fibrcs, 
Loewy  *  has  shown  iliut  under  the  alwive  eireumstanees,  when  die  centre  is  iso- 
lated from  afferent  nervc-imptilses,  (he  rliythmiail  activity  of  the  centre  is  due  to 
the  bliHui,  whirlt,  while  acting  as  a  cruitrnuou*  excitant,  causes  discontinuous  or 
periodic  discharges,  so  that,  although  we  UBually  ajjcak  oi'  the  activity  of  the 
respiratory  centre  as  iH'intf;  automatic — that  is,  not  immeiJiately  dependent  u|X)n 
external  stimuli — yet  as  a  matter  of  fact  the  apparently  automatic  dist-harges 
are  in  reality  due  to  the  stimulation  by  the  blood  ;  the  centre  is  therefore  auto- 
matic only  with  n'fvrencc  to  external  nerve-slimulatjou. 

The  rhythm  as  well  as  the  i*atc,  force,  and  other  characters  of  the  discharges 
maybe  aitected  materially  by  the  will  and  emotions;  by  the  composition, 
enpply,  and  tem[)erature  of  the  bhwHl  ;  and  espwially  by  certain  afferent  im- 
pulses, pre-eminently  those  originating  in  the  pneumogastric  nerves.  As  to 
the  inflaence  of  the  will  ami  cmotirtns,  we  are  able,  as  is  well  known,  to  modify 
voluntarily  to  a  certain  extent  the  rhythm  and  other  characters  of  the  respira- 
tions, while  the  striking  efTS'ct  of  emotions  njKin  respiratory  movements  is  a 
matter  of  almt>it  daily  (>l»servaiion.  Th**  iniporiamv  uf  the  eompisition  of 
the  bltKKi  is  manifested  by  the  marked  efFeft  u|kiii  tlie  respirations  when  the 
hlo<»d  isth-fiefent  in  f>,  when  it  contains  an  excess  of  i'O,^  and  during  muscu- 
lar activity,  when  iti  the  bliKHl  thei'e  is  a  relative  abundantv  <»f  wrtain  pro<3ucls 
resulting  from  muscular  metalx>ligm.  If  the  bloo^l-supply  to  the  centre  is 
diminisJie*!,  as  after  severe  hemorrhage  or  after  flamjiing  the  aortJi  so  as  to 
inti'rfew  with  the  cerebnd  circulation,  the  respir.iliiuis  are  less  frecjueut  and 
tlje  rhythm  is  affected,  the  form  of  breathing  having  a  Cheyne-Stokes  char- 
acter (p.  424) ;  conversely,  an  increase  in  the  bliM»f]-snp|)ly  r*:uises  an  increase 
in  the  rate.  An  increase  or  decivase  in  the  temjMnUure  of  the  blood  induces 
eorresiumding  changes  in  the  rate;  thus,  in  fever  the  fn.^quency  of  tlie  move- 
ments increases  almost  pari  prrwuwith  the  augmentation  of  temperature,  while 
if  the  temperature  of  the  bloo^l  \ie  jreducal  by  applying  ice  to  the  carotids,  the 
rate  is  lesst-ucil. 

*  PfCtga^$  Arehivf.  PhyniohgU:,  1889,  Bd.  xlii.  S.  246-281. 
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Aiferent  imimlses  exennse  an  iinportunt^  mnl  pructically  a  nontiuuous,  influ- 
ence. After  section  of  oae  pueuniogijiitric  nerve  the  rei«piratiou&  are  soiuewhat 
lesfc-  frequent ;  after  section  of  both  uurves  the  respirations  ljoe<3me  eoiniderably 
less  frequent  and  dwiK^r  and  otitcrwise  eliiiiigtil.  If  we  stimulate  the  Lt'ntnil 
eud  of  one  of  these  cut  uervej*  l>elow  the  ongio  of  the  laryngeal  branches  by 
a  current  of  electricity  of  r(i(Kk*mte  inteusity,  the  respinitoiy  rate  may  bo  in- 
creased, and  we  may  be  able  to  restore,  or  even  cxeee<J,  the  uormal  frequency. 
The  fact  that  section  of  tbc^se  nerves  is  followed  by  a  diminution  of  tJie  rule 
and  thai  exeitiUion  of  the  (-entral  end  of  tije  cut  nerve  tansies  an  increase  Iciula 
us  til  believe  that  the  pneuniognstrie  ne^rves  are  eoutinuully  conveying  impulses 
frrmi  the  lungs  to  the  respinitory  centre,  which  impiilsen  in  some  way  increase 
the  number  of  disc^harges,  and  thus  the  respir-atory  rate.  Tlie  centre  may  be 
excil<.*<l  or  dc]>ress4vl  i>y  excitation  of  the  futiirieous  nerves  and  the  sensory 
nei-ves  in  goncnd  ;  tluis,  external  heat  awrelerates,  wiiile  a  dash  of  c<jid  water 
may  either  accelerate  or  inhibit,  respimtory  movements.  Excitation  of  the 
glo«o-pharyngeid  nerves  inhibit'^  tht'  respirations.  Such  inhibition  cx-curs 
during  deglutition  to  avoid  the  risk  of  introtlueing  iuieigu  biHliis  into  the 
loni^nx.  Similar  respiratory  inhibition  may  he  induced  by  excitation  of  the 
superior  laryngeal  nerves,  when,  if  the  degree  of  irritation  be  suHiciently 
strong,  complete  arix'st  of  the  ii'spiratory  movements  may  ocvur.  Strong  irri- 
tation of  the  (olfactory  nerves  and  of  the  fibres  of  the  trigemini  distributeil  to 
Uk-  nasiil  i'humbcrs  excites  expiration  and  may  Ik-  follo\vi*d  by  tMimplete  iiiliibi- 
tiou  of  the  rL'spir.itory  movetnents;  strong  ii-rilation  of  the  opt ie  and  ai^Iitory 
nerves  excites  inspiratoiy  ariivily  ;  and  irritation  of  the  sciatic  nerve  tenses  an 
increase  of  tlie  nite,  nrid  may  or  may  not  atJcct  the  depih  of  breathing. 

The  study  of  tlie  rhythmic  activity  t»f  the  respimtory  irnlre  is  furtlier 
complicate<l  by  the  fact  that  there  is  not  only  a  rhythmic  sequence  of  the  res- 
pimtiuns,  but  a  rhylhmie  aUeniation  of  inspiratory  and  expiratory  niove- 
nM'uts.  While  it  is  true  that  in  onlinary  quiet  cxpimtlon  tint  little  of  the 
nmseiilar  element  is  present,  yet  forced  expiration  i.«  a  well-<lefine*l  co-ordinated 
muscular  act.  Tlie  mechanism  whereby  this  alternation  is  brought  about  is 
not  understofMl.  Some  Iwdicve  that  the  pneuniogastric  nerves  ci^ntain  both 
inspirator)'  and  expiratory  fibres  whicii  are  connectetl  with  corresponding  {larts 
of  the  respiratory  centre  and  alternately  convey  their  respective  impulses  to 
the  centre,  inspiratory  imjvnlses  l»eing  excited  during  expiration  and  cxpinitorj' 
impulses  during  ins|)iration  (p.  397).  These  imptds*^  are,  however,  not  indis- 
pensable to  the  alternation  of  inspimti<m  and  expiration,  bet^use  these  actJ« 
follow  each  other  regularly,  even  after  the  isolation  of  the  respiratoir  centre 
fn)m  the   lungs  by  section  of  the  jmcnmogastric  nervts. 

Thus  we  njay  conclude  that  tiie  rhythmical  dischai*gee  from  the  centre  are 
due  primarily  to  an  inherent  property  of  |)eriodic  activity  of  the  nerve-cells 
constituting  the  respiratory  centre  and  maintained  by  the  l>kx)d,  and  that  the 
rhythm,  rate,  an*l  other  characters  of  these  discharges  may  be  aflVrtcMl  by  rhe 
will  and  the  emotions,  by  the  com|K>sition,  supply,  and  temperature  of  the 
blood,  and  by  various  afferent  imptdscs.     The  chief  factors  arc,  under  ordi- 
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nary  circumstances,  tlic  qimiitities  of  O  and  CO,  in  tlie  blood,  and  tlie  inipuleefl 
conveyed  from  the  lungs  by  the  fibres  of'tlie  pneunio^astric  nerves. 

The  Afferent  Respiratory  Nerves. — The  chief  of  these  nei*ve8  are  the 
pjieuinof/astricj  ylomo-pharyngealy  trif/aninalf  and  cutaneous  nct'ves.  The  im- 
fHjrtant  part  taken  by  tiiem  in  the  regulation  of  the  respiratory  movements  has 
frequently  been  alluded  to  in  connection  with  the  respiratory  centres.  Their 
fun*'ticMhSj  lio\vev(T,  are  of  suffitiient  iiu|Mirtani!e  to  demand  s|>ec^ial  and  detailed 
consiilerati^ju. 

The  pneumogtvitne  nerves  are  pre-eminently  the  most  imi>ortant.  Their 
functions  may  be  ntudicti  by  cctmjmring;  the  plunicvuiL'na  before  and  after  section 
of  one  or  of  both  nervei^,  imd  fr^mi  the  results  following  excitation  by  stimuli 
of  varying  quatit)'  and  strength  under  normal  and  abnormal  eondltioos, 

St'dion  of  onr  pnciitnoj^a-strie  may  Ik?  without  offit't  or  bo  followed  by  a 
tmnsitory,  slight  dimiuutiou  of  the  respiratory  rate;  by  slower  and  deeper 
movements;  by  stronger,  <leeper,  and  longer  inspirations;  by  unaltered  or 
longer  or  shorter  expirations;  and  probably  by  active  expirations.  These 
effects  are  transient,  and  the  normal  rcf^piratory  movements  are  usually  restored 
within  a  half  hotir.  Section  of  both  nerves  is  sooner  or  later  followed  by  a 
diminution  of  the  respinitory  rate;  by  slow,  deep,  j>owerful  inspirations;  by 
active  expiration;  ami  by  a  prnise  l)etweeii  expiration  and  inspiration.  The 
imnioiliate  results  are  variable  unless  certain  preesmtlous  are  taken  to  prevent 
irritation  of  the  central  ends  of  the  cut  nerves.  If  the  ends  are  allowed  to 
fall  back  into  the  wound,  the  respirations  may  become  irregular;  or  they  may 
lie  k^ss  fi'ecpient,  with  weakonetl  inspimtionSj  KjHiaraodic  expirations,  and  pro- 
loiigcil  expiratory  pauses.  The  explanation  of  these  variable  results  is  found 
in  tlie  fact  that  the  expiratory  fibres  are  more  sensitive  to  very  treak  stimulus 
than  the  inspiratory  fibres,  and  that  the  mechanical  irritation  caused  by  the 
section,  and  the  excitation  due  to  the  electric  current  in  the  cut  ends  of  the 
nerves  tliat  is  established  wlien  the  central  end  of  the  nerve  is  I'eplaced  iji  the 
wound,  excite  expiratory  impulses  and  cause  expiratory  phenomena;  if  the 
irritation  he  stronger,  both  inspiratory'  an<l  expiratory  inipulscis  arc  excited, 
tlius  causing  unceilain  results,  varying  as  one  or  the  other  is  the  stronger.  If 
irritation  be  prevented,  section  is  at  once  followed  by  typical  slow,  deep 
respirations. 

stimulation  of  the  et^Unit  vnfl  of  tlin  cut  vagus,  the  other  nerve  being 
intact,  is  fallowed  by  variable  results  dependent  nj>on  the  chanicter  of  the 
stimulus.  Chemical  stimuli,  such  as  a  solution  of  sudium  carbonate,  excite 
the  expiratory  fibres;  raechanical  stimuli,  the  iaspirator}^  fibres;  electrical 
stimidi,  expiratory  or  inspiratory  fibres  or  both,  awonling  Uy  the  strength  of 
the  current.  ^Single  induction  shocks  are  without  effect,  but  a  tetauizing 
current  is  very  effective.  Should  that  current  which  will  elicit  the  least 
response  Ix;  used,  the  breathing  is  rendere^I  hws  fi-etpieut,  the  inspirations  are 
weakenetl,  and  the  expirations  may  be  active  and  lengthetuitl  ;  in  other  words, 
there  are  present  the  s:mur  plienomena  which  often  inmietliately  follow  section 
of  both  nerves  when  the  cut  ends  arc  allowed  to  fall  back  into  the  wound  and 
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thus  establish  nn  pvoiting  eWtric  ciinvnt  wbirh  jiffncts  expiratory  fibrcb.  If 
tlu'  strengtii  i>f  the  current  lie  inrrcasiil,  (lif»e  etlects  give  place  to  those  of  an 
opposite  character,  the  respirations  l>eooming  more  frequent  and  the  inspi- 
nitionn  niort*  inarke<l  in  (i*'ptb  and  fon*,  the  exi>!iinali<»n  of  this  diff*'nn»ce 
l>eing  that  the  blrontrt-r  current  hns  also  excitetl  in^tpinitory  libi-es,  6o  that  now 
both  expiratory  and  inspiratory  impuli^es  are  generated,  but  the  hitter,  being 
more  potent  in  tlieir  InriutnwH,  cause  aceelcration  of  the  rate  and  acwntnated 
inspirations.  The  ctfm.s  i'ollowiiig  siimiilation  of  the  central  (Mid  of  the  cut 
vajrus  by  a  eurrent  of  luo^lcrate  strength  are  l>ost  ol)*erved  ai'ter  t»fjtli  nervt*  have 
been  divide<l  and  when  thcrt.^  exist  sh»\v,  deep,  powerful  respirations.  Under 
puch  circiini.^tancis  sttntuhulon  (»f  the  central  end  of  one  4if  the  v:igi  is  folKjwed 
at  oncv  by  an  increase  in  tlie  i-es[»initnry  rate  and  a  return  of  tlie  general  char- 
acters of  the  insplnitory  atul  ex]>iralorv  pha-^es  towartl  the  normal ;  and  if  the 
degree  of  excitation  Ix'  properly  adjusted,  (he  normal  rate  and  normal  chnrac- 
tor  of  breathing  may  l>e  ristnivd.  Still  stronger  excitation  further  a^trlenites 
the  rate,  wiii^lug  the  res^pinitory  acts  to  follow  each  other  with  wirh  frequency 
that  iTiflpinilinn  begins  Iw^fore  the  expiratory  act  (relaxation  of  tlie  inspinitorv 
niiiscles)  hiLs  Ifeen  cuuipletcd.  The  inspiratory  museles  are  (herefore  never 
oinipletely  relaxed.  With  a  further  increase  of  stimulus  the  expiratory 
relaxation  l>ecomes  less  and  lo^s,  until  finally  the  respirations  arc  bnnight  to  a 
^tamlstill  in  the  inspiratory  phasi^,  the  iuspiratory  museles  l>eing  in  tetanus. 

If  the  nervi.^  l»e  fatigue*]  fnini  over-excitiition  or  if  the  animal  be 
thoroughly  ehloniliztxl,  stimulation  of  the  central  end  of  the  cut  nerve  by  a 
8trf»ng  current  is  \\^^  longi-r  f(#lln>nil  by  inspiratory  stimulation,  but  is  followerl 
by  expiratory  stimuliitinn  (thr  inspirations  U^ing  shortened  and  weakened,  the 
expirations  prolonged  and  HiuLsnimlie)  and  by  long  pauses  between  ex])iration 
and  inspiration.  If  the  exoitiition  be  Hufficiently  strong,  arrest  of  respiration 
occins  in  the  expinitory   phase. 

It  will  l>e  obwrvetl  fn»ni  the  aUwe  results  that  electrica!  irritation  of  the 
central  end  of  the  cut  pneumogastrie  may  Ik-  followed  by  ettectw  of  an  opp>- 
BJte  character,  extremely  we:ik  irritation  causing  expiratory  stimulation  (weaker 
and  shorter  inspirations,  prolongetl  and  active  expirations,  expiratorv  pauses^ 
and  diminished  resj>irat(»rA'  rate)  ;  wherea^s  niodenUe  irritation  caast^  inspiratory 
stimulation  (stronger  and  deeper  inspinitious  and  i ncrea'**-*<l  respiratory  rale). 
Th*^se  diverse  results  are  explaintsi  by  the  fact  that  lliese  nerves  contain  two 
kinds  of  fibres  having  opposite  functions  :  fibres  of  one  kind  convey  impulses 
which  affect  the  expinitory  centre ;  those  of  the  other  kind  convey  irnpnU* 
which  affect  the  inspiratory  centre.  The  former  are  more  susceptible  to  weak 
electrical  stimulati4in,  and  thus  their  presence  may  be  elicited  by  the  weakest 
6tio)ulus  ea|Kib1o  of  csnislng  any  r<*s|M>n.st\  At  the  same  time  they  are  less 
readily  exhausted,  so  that  if  the  vagi  be  subjected  to  pmlongeil  stinnilation 
by  a  strong  current,  the  inspiratory  fibres  are  exliauste<l  before  the  expiratory' 
fibres.  For  mmlerate  and  stnmg  curn'nts  the  inspiratory  fibres  are  affected 
to  a  greater  degree  tliau  the  expiratory'  fibres,  therefore  inspiratory  stimula- 
tion predominates. 
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Both  «ets  of  fibres  convey  impuliics  which  have  their  origin  esseotially  in 

the  peripheries  of  thp  pin'ijinoj^stric  McrvfS  in  tlip  lniii!;s ;  hut  expiratory 
impulse-^  may  arise  iu  tliu  libre<  nf  the  tiuperior  aud  inlL*rior  laryngisil  nerves, 
es{>eciully  in  the  former.  The  inipiil»ei^  which  arise  iu  the  lungs  ai*u  under 
onliiKtry  <'ir<iim8timfes  pn^Iincd  iiK^-fuiiiirulIy  by  the  nu>v*?mentA  of  the  lungs, 
ullhi)u;;ii  it  is  believed  by  some  that  lli<.'  eoiiiposition  of  the  gJLScs  in  the  alveoli 
U  an  important  factor.  Accoi-diiig  to  the  latter  view,  when  the  luugs  are  in 
the  expiratory  phiise  the  luvuaHimliilinu  of  COj  in  the  air-eclls  excites  the 
periph<'ri(^s  of  the  inspiralury  libres,  thus  ^iviiij;  rise  to  iinpnlst^s  which  arc 
carried  to  the  inspirator}'  pt>rtion  of  the  respiratory  centre  and  excite  inspi- 
ration;  \vherea.s  the  stretelu[i;r  uf  the  lungs  (hiring  insjuration  is  held  to  excite 
the  jKjriphcries  of  the  e.\|iinUory  lilu'es,  gem^niting  iinpuscH  which  are  conveyed 
to  the  expiratory  portion  of  the  expiratory  centre,  causing  expiration.  Tliere 
18,  however,  no  sufficient  evidence  t<»  lead  us  to  believe  that  the  pi-esenee  of 
COj  in  normal  percentages  iiiHnences  in  anv  wav  either  pet  of  libivft.  On  the 
Cf>ntraiT>  tile  mechanical  eilect.s  of  the  movements  of  the  lungs  are  of  great 
importance,  as  is  apjMirent  from  the  fact  that  inflation  excites  active  expi- 
ration, wliercas  aspiralmii  or  roliaj>se  exeitw  iuHpinilion ;  moreover,  if  the 
ni(>v(*mcnts  of  one  hiiig  be  jnevented  liy  tx-clusit^n  of  the  bronchi  or  by  free 
opening  of  tlie  pleural  siie,  tlie  efl'ect^  are  the  same  as  tliough  the  vagus  of  the 
same  ?*ide  were  cut ;  if  now  tlie  other  nerve  be  severed,  the  i*esnlts  are  the  same 
as  when  both  nerves  arc  <'ut.  The  movements  of  the  lungs  therefore  generate 
ahcniate  inspinttmy  and  exjjiratiiry  impulses,  colla})se  (iiusing  inspiratory 
impulses,  and  expausion  causing  expiratory  im^nilses.  The  inspiratory 
impulses,  however,  not  only  exHle  inspinition,  but  ctmcunvntly  limit  the 
duration  of  expinit ion ;  while  the  cxpirjlory  iuipulscs  excite  expimtion  and 
concurrently  limit  inspiration. 

Excitation  of  the  .otfterloy  kmingeal  nt^rve  caases  expiratory  stimulation, 
and  tliere  mav  occur  respiratory  arrest  in  the  ex|Hrat4jry  phase.  These  fibres 
are  extremely  sensitive ;  anil  they  are  (>f  considerable  physithiogical  imjwrt- 
ance,  as  is  illustrated  by  the  fact  that  the  entr:n»ee  of  fta'cign  bodies  into 
the  lar}*nx  during  <legliititinn  c:ni.s<'s  an  irnnicdiate  arrest  t»f  inspiration,  ami 
even  a  forced,  sjia'sin^Hlie  expiration.  Tfir  Jlireign  particles,  coming  in 
contact  with  the  keenly  sensitive  fibres  of  these  nerves,  generate  impulses 
which  arrest  inspiration,  thus  being  prevented  from  being  carried  to  the 
lungs. 

The  fibres  of  the  f//oitiio-/jli(iri/nf/fal  ncrvf-t  act  similarly,  Tiieir  excitation 
is  foll(iwe<l  by  an  arrest  of  respiration  whiclj  lasts  for  a  periixl  e<|iud  to  that 
oocupicxl  bv  about  three  of  the  precixling  R'spiratory  ads.  The  value  of  such 
an  inhibitory  influence  is  obvious:  During  swallowing  breathing  is  arrested, 
evidently  for  the  [)urp'>He  of  preventing  the  aspiration  of  fotwl  and  drink  into 
the  lar\'nx.  Tliis  act  is  [>nrely  reflex,  and  is  due  to  the  exeilatioii  of  fibres  of 
these  nerves  by  the  fluid  or  the  bolua  of  food  ai\er  the  act  of  deglutition  has 
lieguo.  Such  impulses  flow  to  the  respiratory  centre,  iminedialely  ari*e8ting 
the  inspirator}'  dibuharge  iu  whatc\er  phase  the  inspiratory  movement   may 
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ippeii  til  he-..  When  fiwalluwing  has  been  a<xx)mp]ished  the  iuhibitory  iiiflu- 
eDt«  is  reiinjVLil  ami  n-ispiration  is  resumed. 

The  inhalatiou  of  irritating  gases  may  cause  respiratory  arrest  by  exciting 
either  the  8ens<>ry  ^h\v^  of  liio  tritjcminn!  ncn'm  in  the  iiost*  or  tlie  pneunn>- 
gaatric  fibres  in  the  l;iryn.\  ami  luiigi^.  Same  ga*cs  aUcct  tlie  former,  suine 
the  latter,  othei^  liolh.  In  the  rabbit,  for  example,  the  intro<l action  of  tobacco- 
smoke  into  the  hnigs  throM|;h  u  tnicheal  ojX'ning  j^roduet^  no  etfect  upon  tlie 
respinitiiins,  but  if  jnjecteil  itito  llic  noee  rettpii-ation  is  at  once  arresteil.  When 
ammonia  i.s  8iTuilarIy  intnjtluced  into  the  hings  the  n-spiiiitions.  may  bo  either 
accelerated  or  diniinislKil,  nnd  niiU'  be  arrested  in  the  inspinitiir}'  or  the  expi- 
ratory phase,  but  wh<'n  dra\vn  into  lijc  noHc  rxpiratory  iirrest  follows.  Some 
irritating  gases  arreyt  rcHpiratioii  In  the  iiopinitory  piiase,  otiiers  in  die  expi- 
ratory pha*^.  <>loronH  gases  whicli  ure  |M)werful  and  disagreeable  may  simi- 
larlv  Liui.'i**  arrest  by  acting  u|>*^n  the  offtuion/  iwrveji.  Excitation  of  the 
Hpi4inchttw  nervfn  caU84s  expiratory  arn^st ;  Htiinulation  ot'  the  »W«//c  and  tten- 
Bory  nertes  in  fjeiia'ol  Ui^ually  increase**  the  number  of  re8|)ii'atioa8,  yet  under 
certain  ciroumj^tauoes  it  may  cau^  a  decrease  and  final  arrest  during  expi- 
ration. 

Stimulation  of  the  cutnneotui  nerves,  as  by  a  et>Id  doiicfie,  flapping,  etc, 
causes  primarily  a  temlency  to  an  inertias**  in  the  uuinluT  and  <(e|)th  of  the  it^s- 
pirations,  but  finally  causes  cessation  iu  tlie  expiratory  phase.  It  is  statutl  ihat 
excitation  of  these  nerves  is  more  etFective  in  causing  respiratory  movements 
than  irritation  of  the  vagi.  The  infiuence  of  external  heat  is  very  pt>\verful, 
and  is  |>erha|>s  the  imyt^t  [xitcnt  niciins,  under  ordinary  circumstanres,  of  exciting 
the  rcspira(<iry  rcntrr.  TJie  n_*spJnitorv  movements  t-aust'd  liy  <*utaneou8  irrita- 
tion, are,  however,  of  tlic  character  <»f  n^Hcx  spasms  rather  than  of  normal 
nioveraeuts,  and  wlu-n  the  excitation  is  sufHciently  strong  the  movemeutA  may 
be  distinctly  tronvulsive. 

Finally,  afferent  (intcrcentral)  fibres  connect  the  brain-cortej:,  and  probably 
the  ffnnglin  at  the  Iwisc  of  tlie  bniin,  with  the  re>piralon'  centres. 

The  Efferent  Respiratory  Nerves. — During  ortiiuary  resj>iratiou  tlie  only 
effi-reiit  or  motor  nerves  neet^sarily  involveil  arc  the  yVi/TNiV*,  and  certain  !>ther 
of  the  KpinnI  nerrtu^  ami  the  imenmoffnatriv^.  Section  of  one  phrenic  nerve  I'au.ses 
|>aralysi8  of  the  C4>rn'^4poriding  side  of  the  diaphragm ;  se<'tion  of  I.M»th  phrenics 
is  tollowei^l  by  pat-alyMis  of  the  entire  diaphragm.  So  i!u|>ort;int  are  these 
nerves  in  respiration  (liai  in  most  eases  after  set»tion  death  (wcurs  from  asphyxia 
within  several  hours.  In  such  cases  not  only  is  tlie  work  of  inspiration  thrown 
ujMUi  the  other  inspinilorv  mnseles,  hut  tlie  eifeetiveness  of  the  latter  is  greatly 
et»ni|>roniised  by  the  relaxed  rontlition  of  the  diaphi'agm,  which  |>erniitB  of  ita 
l)eing  drawti  into  the  thorneie  cavity  with  each  inspiration,  thus  hindering  the 
exi>ansion  of  the  lungs.  If  section  i»e  made  of  the  spinal  ooni  just  U'low  the 
exit  of  the  fifth  cervical  nerve,  costal  movements  ctaise.  but  diaphraginatie  rt>n- 
tractions  continue.  The  level  of  the  section  Is  just  Ih-Iow  the  origin  of  the  roots 
of  the  phrenif^,  so  tbat  the  motor  fibres  fi>r  the  diaphmgnt  are  left  intaei,  but 
the  motor  impubies  which  woidd  have  gone  out  to  otlier  insjtiratory  museleB 
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through  the  spinal  nerves  below  the  point  of  section  are  cut  off.     If  tlie  cord 

ha  rut  jiiHt  Ik'Iow  die  uuhIuIIii  obl<jiitj;ata  or  abavL*  the  origin  of  the  pbreuics, 
both  costal  and  tliaphragniatic  niovoiuciits  ininiecliiilely  or  very  soon  cease,  but 
respiratory  movements  may  continue  in  tlin  larynx,  and  when  dyspnoea  occurs 
thcv  may  be  oh-^erved  in  tiie  niust'li's  ni'  tliu  futf,  ntrk,  and  month.  In  rare 
cazjes,  afler  .section  at  the  junction  of  the  medulla  ublon^ata  and  die  spinal  cord, 
respiratory  mf)vemetits  may  t-ontinue  in  the  thorax  and  the  alwlonien,  but  these 
instances  arc  exi-eptionsd  and  the  niovemcnt.s  are  of  the  nature  oi*  reflex  sptsnis. 

During  each  respiiiLtory  act  tliere  flow  to  the  larynx  impulses  which  ojien 
the  glottis  during  inspiration.  The  pathway  of  those  impulses  Is  throngli  the 
laryngeal  branches  of  the  vagi,  almoHt  .solely  through  tho  recurrent  or  inferior 
laryngeal  nerves.  (See  section  on  the  Physiology  of  the  ^^oicp.)  If  the  pnen- 
mogastrics  are  cut  above  the  origin  of  these  Kranrhes,  respiratory  niovenienis 
in  the  larynx  cease,  and,  owing  to  the  paralysis  <^f  the  laryngeal  mus^clcs,  the 
v<K«l  iwrds  arc  flaccid^  the  glottis  is  no  longer  vvidcMUNl.  and  thirs  great  resist- 
ance i.s  offered  to  the  inHow  of  air,  causing  difticulty  during  inepirjitiou. 

During  forced  breathing,  besides  the  alx>ve  nerves  a  number  of  others  may 
l>e  involved,  csjiecially  the  apiitti/  naty^,  which  sup])ly  tlio  oxtniordinary  respi- 
ratory muscles  of  the  chest,  abdomen,  ix'IvtSf  and  vertebral  column,  aud  the 
Jttciaf,  /tifpoffhiAstrf,  and  ttprmtf  arct-jfjtortf  nerves. 

L.  The  Condition  of  the  Respiratory  Centre  in  the  Fetus. 

During  intra-uterine  life  the  child  ivceives  O  fnau  and  gives  CO,  to  tlie 
bhx>d  of  the  mother.  No  at(4^mpt  is  made  by  the  child  to  breathe,  because  the 
centre  is  in  an  apntKic  condition,  due  to  a  low  eiHHlitinn  of  irrimbility  antl  to 
the  relatively  large  amount  of  O  in  the  blotxl.  The  fetal  hlotxl  ctmlains  a 
larger  percentage  of  haemoglobin  tlian  the  blwtd  of  the  mother;  Qnliujuaud 
has  shown  that  the  fetal  bloml  Iimh  a  larger  respiratory  capacity  than  adult's 
bkHxl ;  and  Regnani  and  Dubois  have  pi"oven  the  same  to  be  true  of  tlie  eidf 
and  the  cow.  Wi*re  it  not  for  these  two  conditions,  tlie  cliild  woidd  c^intinu- 
ally  attempt  to  brejttlie.  While  such  efforts  do  not  i.ucur  under  normal  cir- 
cnmstanc*^,  they  may  l»e  pn-s^nit  if  we  inti'rtVn'  in  any  way  with  the  snpplv  of 
oxygen,  as  by  pressure  upon  tlie  undjilical  vessels.  The  child  has  been  seen 
to  make  respiratory  efforts  while  within  tlie  intact  fetal  niembraues*  It  seems 
evident,  therctbw,  that  all  that  is  mni^issfirv  tf>  excite  the  i*cspiratorv  crntre  to 
adivity  is  a  venous  i-ondition  (ff  the  blooih  In  uUto^  and  as  long  as  the  child 
19  bttthed  in  the  aainiotic  flutti,  respiratory  movements  cannot  Xn  carried  on 
even  though  the  respiratory  centre  l»e  excited  to  activity,  the  reason  l>eiiig  tJiat 
with  the  tirst  movement  of  inspimtiou  amniotic  fluid  is  drawn  into  the  nwsal 
chamber;  the  flnitl  acts  as  a  pt»wcrful  excitant  to  the  sensorv  fibres  of  the 
mncous  membrane,  thus  causing  inhibiton^  respiratory  impulses.  From  this 
fact  w<'  learn  tlie  practltfll  application  that  it  isdcsindfic  immtxliately  after  birth 
of  a  ciiild,  if  sjMiutanetKJs  ix'spirations  do  not  immediately  and  efTw'tivelytxxnir, 
to  carefully  remove  mucus  or  other  mutter  from  the  nose,  so  that  the  inliibitoiy 
influences  generated  by  nasal  irritation  shall  be  discontinued. 
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tWheu  the  ext'liauire  of  D  and  CO^  is  interfered  with  for  a  long  periittij  Jis 
in  t3i>»tit!  of  proItMit;ud  lal><ii'j  tlie  reypimt^jry  centre  may  beeonie  so  depressetl 
that  Bpotitaueous  respiiiitious  do  not  occur  ujjon  the  birtli  of  the  ehild.  In 
such  a  ease  respiratiun^s  may  usually  l>e  initiated  by  irrit:ition  of  the  skin,  as 
by  shipping, sprinkling  witli  ie*^-d  water,  ete.  Respirations  may  aWi  be  tiirried 
on  suocei?sfully  by  artilieial  means  (see  p.  446). 

In  uttTO  the  lungs  are  devoid  t.)C  air;  the  sidles  of  the  alveoli  and  of  the 
small  air-p!issages  are  in  ap|H)i*ition,  altjuui^li  tlie  lungs  nanph-tcly  fill  the 
compressed  thoracic  cavity.  During  tlje  first  inspiratitm  comparatively  Httle 
air  is  taken  into  the  hiuj^rSj  because  of  the  foitv  neoes«iiry  to  overcome  the 
adhesion  of  the  sides  of  the  alveoli  and  of  the  smaller  air-tubes,  but  as  one 
inspiration  follows  auotlier  inflation  incn^ases  more  and  more  until  full  disten- 
tion is  aeoom]»lish(HL  The  vi^ttrous  eiyiu^  which  mi  generally  occurs  immedi- 
ately after  birth  doubtless  is  of  value  in  facilitating  this  expansion.  If  oricc 
the  lungs  have  lx*eri  filletl  with  air,  they  are  never  completely  emptietl  of  it, 
either  by  volitional  effort  or  by  t^ollapse  after  excision. 

j  M.  The  Innervation  of  the  Lunqs. 

The  nerves  of  the  lungs  are  <!erived  from  the  pnntmngaMnc^,  the  sympa- 
thetivs^  and  the  upper  dorsal  iutvch,  Sciattered  along  the  paths  of  distribution 
of  these  fibres  are  many  small  ganrfUa, 

The  F-ncxmiogaatrie  Nervi'si. — The  puhnonary  branches  of  the  pneumogas- 
trio  nerves  contain  not  only  fibres  which  convey  impulses  that  affect,  the  gen- 
eral ehameters  of  the  ix-spimliiry  movements,  but  other  fibres  that  are  of 
great  importance  to  the  respiratory  mei'liauisni.  Settinjj;  aside  the  effecls  on 
the  respiratory  movements  following  sectinn  and  stimulation  of  one  or  of  Wh 
vagi,  there  are  oliservevl  ]»lienoinena  whic*h  are  4tf  an  entirely  diffenmt  charicter, 
and  which  uit  due  to  excitation  or  [Kiralysis  ^^if  certain  <tther  s|Kt'ilii:  nerve- 
fibres.  Among  these  fibres  are  efferent  and  afferent  6rono/io-con8<W<rfor«  and 
broncho-ifihitnrs.  Roy  and  Brown  ^  frmnd  in  investigations  upon  dog><  that 
stimulation  of  oue  vagns  caused  constrictioij  of  the  bronchi  in  lH)tli  luugs; 
section  of  one  vagus  was  followed  by  expansion  of  the  bronchi  In  the  corre- 
epondiug  lung^  which  exj»aiision  was  sometimes  preoeflc^l  by  a  slight  contnu'tion 
owing  to  the  ternponiry  irritation  cjiusel  by  tlie  swtion  ;  stimuhitioTi  of  the 
jx^ripheral  end  of  tlie  cut  nerve  caused  a  e<iutraction  of  the  bronclii  in  botli 
lungH ;  Htimulation  of  the  central  end  of  the  eat  nerve  was  followed  by  a  con- 
traction of  the  itronchi  In  both  lungs,  but  not  so  marktHl  as  when  the  peripheral 
end  was  stimulated  ;  stimulation  of  sensory  nerves  other  thiirj  the  vagus  ran-lv, 
and  then  only  to  a  slight  extent,  caused  contraction;  atropine  paralyze<l  the 
ccmstri<'t*)r  fibres  ;  ni<'(itine  in  small  <htses  luid  a  |M»werful  expinisive  effect  on 
the  brtHiehi ;  after  i-therization  stimulation  of  either  the  oentnil  or  the  jM'ripli- 
eral  end  of  the  cut  pnGumogastric  nerve  was  often  followed  by  broneho-dilata- 

'  Joumttl  of  Phytswhgy,  vnJ.  (3,  18ij6  {Procxfdmy*  of  the  PhyyiiJwjical  fforiehf,  iii. -p.  xxi.); 
Einthoi'en,  Pjiiujern  ArfMw  fit,'  Phygwloyie^  189*2,  Bd.  51,  S.  307  ;  Sandemaii,  i^uiJfou-AVywofwf  £ 
ArehivfUr  Fhygiologie,  1890,  S.  252. 
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tioii ;  aspliyxiu  muses  briJiK^ho- 
mogastric  nerves;  after  ecftion  of  both  vagi  it  is  impotasiblc  to   cause  reflei 
broncho^X)nstriction  or  bruncho-dilutatioii ;    the  constriction    of    the    brooefaifl 
may  be  «» j^rcyit  as  to  rrdinii?  their  ralihns  to  oiip-hnlf  or  one-third,  or  evcn^ 
more.     The  above  results  are  very  iut^lruetive,  aiiJ  hhow — (1)   That   hroneljo- 
oonstriction  or  bTOiicho-dilatatioa  can  be  obtained  by  stimulatinj;^  the  |>eripheni] 
end  of  the  vagus,  and  tliat  these  chants  fM-cur  in   tfit'   brom-hi  of  lx»th    liin 
when  ouly  one  nerve  is  uxf^iteil^  thus  jn'oviii^  tliat  wieli  nerve  snj>jdiett  L 
kinds  of  fibres  to  both  lungs  j  (2)  that  the  same  results  can  be  ohtnined  by  ex- 
citation of  the  eentnd  end  nf  tfic  rui  ntrve,  thus  sbowin;^  that  the  pnoiim 
tries  contaiu  botfi  afferent  eoiiritrietor  and  atlerent  tJilator  iibres  ;   [li)  that  refl 
broncho-amstriclion  and  bronclio-dihitation  cannot  be  produinKl   after  sect! 
of  the  vagi,  thus  proving  that  all  ol'  the  efferent  fii>rrs  ]>!iss  through  the  pneii 
mogastrie-s ;  (1)  that  asphyxia  and  the  inliahition  of  CO^  cause  hrom*ho-c<»] 
atrietion,  but  not  after  siKrlion  t»f  the  vagi,  thus  indiontitig  that    under  lb 
circunistanees  tiie  effeeta  on  the  bronchi  are  reHex ;  (5)  that  certain   poi 
affect  <me  or  the  other  of  these  two  sets  of  fibres. 

llie  presenei'  of  fffh'mf  ntao-tiuifo/'  tibrei^  in  the  vagi  lias  been  disproved 
the  rtsults  of  experinjeiitg  by  Bi*adfunl  and  Deau/  and  others.     These  <»l»ser\ 
have  shown,  liowever,  tliat  the  vagi  (HMituin  (tfftreut  premor  fibres,  irritation  of 
whicli  it!  followinl  by  eonstrirtion  i»f  the  puhniHtary  vessels  that  may  or  niajr 
not  l>e  ar.*coni|Kinied  by  constriction  of  the  systemie  vessels,  the  efierent  fiU 
in  this  ease  renehing  the  knigs  tlirough  the  .syin|v:uhotic  nerves. 

The  existence  of  trophic  tiUvts  is  generally  lulmitted.     After  section  of 
pneumogastric  nutritive  changes  innnwliately  Ix^in  in  the  lung  of  the  coi 
sponding  sidcj  Avhieh  cliangea  are  niunif'cst   in   tjje  ap|>caran(.v  of  iiitianimation 
in  tl»e  middle  and  hiwer  hAyei^.     Section  of  both  n<jrves  is  followed  by  indaui* 
raation  in  the  niiihUe  and  lower  hihes  (tf  both  lungs. 

The  vjigi  eontatn  Hcnuonf  fibres  f<jr  the  larynx,  travhea,  and  lungs,  after 
tion  of  which  fibres  there  is  an  absolute  loss  of  sensibility  in  these  parts. 

It  is  probable  tliai  tlie  vagi  contain  ftenrtorif  fibres  for  the  niutx)Us  glands. 

Thus  we  find  that  the  pnenmogastric  nerves  supply  ihe   lungs  with   ( 
afferent  in^pintton/  and  explraton/  fibres ;  (2)  afferent  and  efferent    bron 
rouxfrirfor  nntl  hnmrho-iiUtibir   fibres;  (3)  aHen-nt  pressor  tibres ;   (4)  ge 
setisory  fibres;   (5)  trophic  fibres;  (6)  and   jH'obably  secretory  fibi^es   for 
njue»)us  glands. 

The  Si/7npatheiiQ  Nei'ves, — The  sympatheties  supply  trophic  and  efiTerent^— 
raso-iiujior  fibres.     The  efferent  vaso-motor  fibres  pass  from  the  spinal  cord  idH 
the  anterior  root^  of  the  second  to  the  seveiitli  dorsid  nerve,  inclusive,  to  join 
the  sympathetics,  them/e  through  the  fii*st  thoracic  ganglia  to  the  lungs. 

The  Ganylia. — Nothing  is  known  of  the  finietions  of  the  ganglia, 
'  Journal  of  Physiolorfy,  1894,  vol.  16,  p.  70. 
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When  the  exclmn)^o  of  O  and  CX3,  is  interfered  with  for  a  long  period,  as 
in  C7ii?es  of  prolcjtigwl  labm*,  tfii*  respii-atory  centre  may  become  so  depressed 
that  6pont;iiKH>uH  re-spirutions  do  not  occur  \i\Hm  the  htrth  of  the  child.  In 
such  a  (aise  respirations  nuiy  usimlly  l>e  initiutc<l  hy  irritiitioii  of  the  akin,  as 
by  slapping, sprinkling  with  ieod  water,  cttr.  I^'spirutious  may  also  be  carried 
on  Buooessfully  hy  artificial  rueati:?  (set*  ji.  446). 

In  utero  the  lung^  are  divtud  of  air;  the  sliies  of  the  alv<:(^li  and  of  the 
small  air-im.ssiiji;es  are  in  app^^^itioti,  althou^^h  the  hinga  etwnpletely  fill  the 
ci»n»press«-tl  tliumcic  <*jivity.  Durinjj;  (he  Hrst  inspiration  conijmratively  little 
air  is  taken  into  tJie  hings,  becjiune  of  tlie  font*  tiectti:?ary  tt>  oven-otne  the 
adhesion  of  the  sides  of  the  alveoli  and  of  the  smaller  air-tubes,  but  iia  one 
iiispinitiou  fJjllows  uuoiIkt  iiiflali(»n  incrt-iiscs  more  and  more  until  full  di^^ten- 
tion  is  acooJMplislitHl.  The  vifrnrous  crying  wiiich  st>  gonenilly  occurs  ininip<li- 
ately  after  birth  doulvtlea**  in  of  value  in  facilitating  this  expanBion.  If  once 
Uie  lungs  have  boon  iillwi  with  air,  they  are  never  completely  emptied  of  it, 
eitlier  by  volitional  ctlort  or  by  collapse  after  excision. 

M.  The  Innervation  of  the  Lungs. 

The  nerves  of  tlu^  lungs  an*  dcrivt^l  fntni  tlie  /jnnnno(/ftf<trirfi,  the  sumpti- 
thdu'Sj  and  the  upper  tfomal  neftrn.  8«.altcred  along  the  jniths  of  distribution 
of  tliese  fibres  are  many  small  gang/la. 

The  J^neumof/aitfnt'  AVrcAv.— The  pnlnionarv  liranchcs  nf  the  pnenmogas- 
trie  nerves  ctnitain  not  only  fibres  which  convey  impulses  tlmt  aflcct  the  gen- 
eral characters  of  the  respirator}'  movements,  but  other  fibres  that  aiv  of 
great  importance  to  the  respiratory  meclianism.  Setting  aside  the  effw-ts  on 
the  respiratory  movemciils  following  section  and  stimulation  of  one  or  of  Ixiih 
vagi,  tlieiv  an;  observ  e<l  phen^MiR'ua  which  are  of  an  entirely  ditfercnt  character, 
and  which  are  due  to  excitation  or  fwiralysis  of  certain  other  specific  nerve- 
fibres.  Among  those  fibres  are  efferent  and  afferent  hroneho-condrictorit  and 
br(mcho-iUlaiorti.  Roy  and  Hrown  '  found  in  investigati<ms  ujkmi  <logs  that 
stimulation  of  one  vagus  t-auseil  constriction  of  tlie  bronchi  in  lK>th  lungs; 
section  of  one  vagus  was  follovveil  by  ex|>ansion  of  the  bmnchi  in  the  corre- 
fipoudiug  lung,  which  expaiision  wils  sometimes  preee<led  by  a  slight  contraction 
owing  to  the  temporary  irritation  caused  by  the  section;  stimulation  of  the 
peripheral  end  of  the  cut  nerve  cause*!  a  contraction  of  thi-  bronchi  in  Iwilli 
lungs;  stimulation  of  the  central  end  of  the  cut  nerve  was  folicrtvc*!  by  a  con- 
traction of  the  bronchi  in  both  lungs,  l)ut  not  so  marke<l  as  when  the  |K'riphcnd 
end  was  sliniulateti ;  stimulation  of  sensor}'  nerves  other  than  the  vagus  mrely, 
and  then  only  to  a  slight  exferit.  caus<'d  cv»ntractioo  ;  atropine  paralyze<l  the 
constrictor  fii>i*es  ;  nicotine  in  small  dost^s  htul  a  powerful  ex|»aiisive  effect  on 
the  bronchi ;  after  etherization  stimulation  of  either  the  central  or  the  periph- 
eral end  of  the  cut  pneumogastric  nerve  was  often  followetl  hy  bronchfMlilata- 

'  Jounuit  o/*   l^ygiology^  rot.  6,   18H5  [I^rocudingt  oj  ikt  PhytioiogiaU  SorieJy,  Ul.  •!>.  ixi.); 
Einlhi>ven,  Pffuf^er'u  Arrhir  fw-  Phyriotogif^  ISQ'J,  Bd.ol.S.  367;  Sandeniin,  Oa  fioU- lirtfrnotuT t 
Archivjur  Physioiogit,  1B90,  S.  252. 
Ygt.  L— SO 
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Mammals. 

Centigrade 

Mouse 41.1" 

fiheep  .  .  . 
Ape  .... 
Kabbtt  .  .  . 
Uuinea-pig  . 
Dog  ...  . 
Cat    .... 

Ht^ree 36.8-37.5** 

Hat 3«.8° 

Ox 37.5« 

Am 36.96" 


Birds. 

Gentigmde. 

UiHs 44.03" 

.  37.3-40.fi*  !  Duck 42.50-43.90*' 

.  ss-a-aa.?** !  Goow 41.7" 

.39.6-40.0°  I  Gull 37.8^ 

.  38.4-39.0°  I  auinem 43.90** 

.  37.4-39.6°  I  Turkey 4:!.70<' 

38.3-38.9"   Span-ow    ....  39.08-42.10* 


Chicken 
Crow  .    . 


43.0" 
41.17 


Reptiles  and  Fish.i 

CcntiKimde. 

Krog 0.3:i-2,44° 

Snakes 2.5-12.0* 

Fish 0.5-3.0* 

In  vertebra  tea.* 

Crustacea 0.6° 

Opl)&lot>odH    .   .    -  0.57** 

Medu«c 0.27^ 

Polype 0.21° 

MoiliiM« 0.46* 


Tho  Temperature  of  the  Different  Kegrions  of  the  Body, — Tlie  quanti- 
ties uf  lieiit  producuJ  and  tli^is^ipatt'd  bv  tliflereiit  f>arti^  of  tlio  ecouoaiy  varj, 
cousoquiinlly  tlmre  must  continually  be  a  transiuissiau  of  heat  from  the  warmer 
to  the  eoolcT  ]>:irts  to  estahlisli  throntjhnnt  tiic  organism  un  oquilibnum  of  tem- 
perature. Heat  is  di.strilnittrd  by  dirci't  ronductiuii  from  part  to  part,  but  prob- 
ably chiefly  by  tho  cir^'iilatiug  bhuxl  and  lymph.  Tlifse  means  of  distribution 
are,  however,  not  sufliciently  active  t-o  estal)lish  a  uniform  temperature.  Thud 
we  find  that  the  internal  jmrts  of  the  boi3y  liave  a  hi^j^her  temperature  than  the 
external  parts  ;  that  some  internal  organs  are  considt-rably  warmer  tliau  others ; 
that  every  organ  is  warmer  when  active  than  wlieu  at  rest;  that  the  tempera- 
tnn'  varies  in  diffVn^nt  ngionn  of  the  Hurfaee  €)f  the  body,  ete.  The  following 
figures  by  Kunkel"  instance  some  of  these  differences,  the  temperature  of  die 
room  being 'iO"*  C: 


Centl^adu. 

Forehead 34.1'^-34.4° 

Cheek  under  the  Eygoroa    ....  84.4* 

Tip  of  ear 28.8* 

hack  <>f  hand 32.5*-33.2* 

Hollow  of  the  hand  (closed)   .   .    .  34.8*-35.1* 
Hollow  of  Ui«  hand  (open) ....  34.4''-34.8* 

Forearm 33.7* 

Forenrtii  (higher) 34.3* 


Oentt^nde 

Sternum 34.4* 

Pectoraica 34.7° 

Kigbt  iliac  foeaa 34.4^ 

Lea  iliac  foflsa 346* 

Os  FBcrura 34^ 

Eleventh  rib  (back) 34.5^ 

Tu^KTOsity  of  ifwhiuin 32.0* 

Upper  part  of  thigh 34.2* 

t'ftlf 33.6*> 


The  temperature  of  the  skin  is  higher  over  an  artery  than  at  some  distance 
from  it ;  it  is  higher  over  mu.sele  than  over  sinew  ;  it  is  higher  over  an  organ 
in  activity  tlian  when  at  rest;  it  is  higher  in  the  frontal  than  in  the  parietal 
region  of  the  hea<l,  and  on  the  left  side  of  the  head  than  on  the  right,  etc. 

Temi>eralure  oJ>scrvations  are  u.<<iially  made  in  the  rectum,  in  tiie  mouth 
under  tlic  tongue,  in  the  axilla,  and  in  the  vagina,  the  rectum  being  p>refenibley 
although  in  the  human  being  the  temperature  is  usually  obtained  in  the  mouth 
and  axilla.  In  the  sjime  individual  wlien  n^^rils  are  taken  simultaneously  in 
all  four  regions  appreriable  differences  will  be  noted.  The  temperature  in  the 
axilla  18,  according  to  Hunter  ^7,2°  C,  to  Davy  37.3°  C.,to  Wunderlicli  36.0^ 
to  37.25°  C.  (mean  37.1°  C),  to  Liebermeistcr  36.89°  C,  to  Jurgensen  37.2°  C^ 

'  TemperaUiree  ahoTe  that  of  the  surrounding  medium. 
*  Ztitmirififw  Bioio^  1889,  B*).  25,  R  69-73. 
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and  to  Jaeger  37.3°  C.  Tlie  mean  axillary  temjjoratiirc  may  be  put  down  as 
being  aboiil  37.1°  C.  (98.8°  F.),  the  normal  limils  being  30.25°  U>  37.6°  C. 
(97.2°  to  99.5°  F.)  The  teini>erature  in  the  mouth  i.s  al*out  0.2°  to  0.5°  C. 
higher  than  in  the  axilla^  in  the  rectum  from  0.3°  to  Kd°  C.  higher,  and  iu  the 
vagina  from  0.5°  to  1,8°  C.  Itigher.' 

The  temjxTaturc  of  ditlerent  tissues  varien.  Davy,  as  results  of  observa- 
tions on  a  fresh-killed  tihwp,  given  the  tem|H.'ratm*e  of  the  brain  as  about  40° 
C;  of  the  left  ventricle  4I.()7°  C;  of  (he  right  ventricle  41.11^  0. ;  of  tlie 
liver  41.39°  C.  ;  of  the  nvtiitu  40.56°  C  According  to  IWtmnI,  the  liver  is 
the  warmest  organ  in  the  Ixnly,  and  then  the  following  in  the  order  named — 
bniiu,  glaiidH,  niuscK's,  ami  lungs. 

The  teni[>eraturo  of  tlie  blood  varies  considerably  in  diflerent  vessels.  In 
the  carotid  it  is  from  0.5°  to  2°  C-  Jiigher  than  in  the  jugular  vein ;  in  tlie 
crura!  artery,  from  0.75°  to  1°  C.  higher  than  in  the  a>rrt*.spondiag  vein  ;  in 
the  riglit  side  of  the  heart  al)Out  0.2°  C.  higher  than  in  the  left ;  in  the  hepatic 
vein  O.G°  C.  higher  than  in  the  |K>rtal  vein  during  the  intervals  of  digestion, 
and  as  much  as  1.5°  to  2°  C>  or  more  during  [lerifxlH  of  digestion ;  the  venous 
blo^nl  aiming  from  internal  organs  is  warmer  than  the  arterial  blood  going  to 
thorn,  but  the  bltjod  <f»ming  from  the  skin  is  ciKilur  than  that  going  to  it ;  the 
blood  coming  fmni  a  niUHcle  in  a  state  of  rest  is  about  0.2°  C,  and  during 
a(rtivity  im  niui*h  as  0.6°  to  0.7°  C,  warmer  thun  that  supplied  lo  the  muscle. 
The  mean  temperature  of  the  blood  &^  a  whole  is  alHiut  39°  C.  (102°  F.);  of 
venous  blood  about  1°  C  (1,8°  F.)  lower  than  of  arterial  blood.  The  warm- 
est blood  in  tlie  IkmIv  i^i  th»t  nvniiug  from  tlic  liver  during  the  period  of  diges- 
tion ;  the  ctxjiost  blo*xl  is  that  coming  from  the  tips  of  the  ears  and  nose  and 
similarly  ex|>osed  parts. 

Conditions  affectinsr  Bodily  Temperature. — The  uican  temperature  of 
the  bo«ly  is  hubjectL-il  to  variations  which  depend  chiefly  ufKiu  age,  sex,  consti- 
tution, the  time  of  day,  diet,  activity,  season  and  climate  (surrounding  tem- 
perature), the  blood-supply,  disease,  drugs,  the  nervous  system,  etc. 

The  tem|WM-ature  of  a  new-born  chihl  (37.8<I°  C.)  is  from  0,1°  to  0.3°  C. 
higher  than  that  of  the  vagina  (>f  ihe  motlier;  it  falls  about  P  C.  during  the 
fir!?t  lew  hours  after  birth,  and  then  rises  within  the  next  twenty-four  hours  to 
alxiut  37.4^  to  37.5°  C  The  mean  ternpcnitnre  of  an  infant  a  day  or  two 
oM  is  about  37.4°  C  It  vcr}'  hIowIv  sinks  until  full  growth  in  attained,  when 
the  normal  mean  tem{)erature  of  adult  life  is  reached  (37.1^  C),  a  standard 
which  is  mainlaiiieil  until  alwut  the  age  of  forty-five  (»r  fifty,  when  it  declines 
until  about  the  age  of  seventy  (3C.8°  C),  and  then  slowly  rises  and  approaches 
in  very  old  |>eople  (eighty  to  ninety  years)  the  temperature  of  very  young 
infants  (37.4°  C).  It  is  important  to  observe  that  during  the  early  weeks  of 
life  the  temperature  may  undergo  considerable  variations,  and  that  it  is  readilv 
affected  by  bathing,  exposure,  crying,  pain,  slet-'p,  etc.,  and  by  many  circum- 

*  The  aveniKe  fipires  or  the  mean  daiW  temperaturc4  olitaiiied  frum  the  records  uf  a  num- 
ber of  investigmtors  are,  mouth.  Stf.ST** ;  axilla,  36.94° ;  and  reotum,  37.02*.  The  mean  6giires 
for  the  tweotr-four  hour*  are  in  each  ciue  about  0.2^  le«. 
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Btanocs  which  have  little  or  absohitely  no  influence  upon  tlio  tom|>eraturo  of 
the  adult. 

Tiio  racan  temperature  of  the  female  is  said  to  be  slightly  lower  than  that 
of  the  male.  In  observations  on  children  Sommer  noted  a  difference  of  0.06® 
C\,  nnd  Frhliun;  n  diflureuL-e  of  O.'MP  C. 

luJividuaU  with  vigomus  foiistitutious  have  a  somewhat  jjigher  teiuper- 
ature  than  tho^?e  who  are  weak. 

Rop<.)rds  obtainrvl  by  varit>us  Etn'iv|w'an  investigators  inthcate  tfuit  the  botlily 
temp<'j*nture  issubjivted  to  i*egu]ar  diunuxl  viirlations.  The  limits  of  variation 
ill  health  are  from  1*^  to  2°  C.  The  tua.vimuni  temperature  observcil  i;;  usu- 
ally from  6  to  8  P.  M.  (mean,  alwut  7  p.  m.)  ;  the  ruinimum,  from  2  to  6  a.  m. 
(uiwin^  about  4  A.  M.).  ("arter's'  fxperirneuts  on  rabbit*^,  (a(s,  and  dogs  show 
tiiat  rhythmicid  (emiK^rature-eliaii'^es  ucvxn  in  these  atiinials  which  agree  with 
tho^e  noted  by  Jiirgensen  in  niati.  This  same  rhythm  is  stated  to  occur  during 
fasting,  so  that  tiie  ingestion  ami  Jhe  digt^tion  of  Ibiwl  fTiniint  l>e  claimed  to 
account  for  it;  moreover,  it  is  present  in  fever  aud  not  disiiifi)t.Ml  by  mu.scular 
activity  and  by  cold  baths.  If  an  individual  works  at  night  and  sleei>s  during 
the  day^  thus  reversing'-  tiif  ]iri'v:iiling  cutitom,  the  tem|>enUure  eur>*e  is  more 
or  less  imidiiied,  but,  awonliiig  (4j  Mo.sho,-  not  reversed  as  slated  by  Krieger.' 
Chelmoiifiki  found,  however,  ia  old  j>ers<^ns  that  tlie  tem|K;rature  variations 
are  not  uncommonly  in\'erted,  being  higher  in  the  morning  and  lower  in  the 
evening. 

lasuflieient  diet  causes  a  lowering  of  the  temperatun';  a  liberal  diet  tends 
to  cause  a  rise  slightly  alwve  the  normal  mean,  especially  during  forced  feeding 
or  when  llie  i\un\  is  imrtieidarly  rich  in  fats  and  earlHihyd rates.  There  is  a 
rise  ^luring  digestion  wiiifli  is  usually  sligfit,  but  it  may  n^icb  0.2*^  or  0.3°,  the 
increase  being  <lue  chiefly  to  the  activity  of  the  intestinal  muscles  (see  p.  431). 
Ahhniitrh  rr^nsiderably  more  heat  is  prodiu*ed  <lnring  tlie  periods  of  digestion 
than  during  tlie  intervals^  the  excess  is  dis.si[Mvle<l  almost  as  rapidly  as  it  is 
formed,  so  tliat  but  little  heat  is  |>crmitte<l  to  aceumulute  ami  thus  cause  a  rise 
of  temiypiature.  Hot  Uriid^s  and  stdids  tend  to  augment,  and  cold  drinks  and 
solids  to  lower  biwlilv  tetnperatnre.  In  the  niirshig  child  Demrae  found  that  the 
rectal  temperature  sinks  during  ehe  first  half-hour  after  taking  toml,  then  rises 
during  the  next  sixty  Ui  ninety  minutes  to  a  point  from  0.2*^  to  0.8°  C.  higher 
than  the  temperatiire  before  feeding,  and  falls  again  diu-ing  the  next  thirty  to 
sixty  mimilcs. 

All  conditions  which  increase  metabolic  activity  arc  favorable  to  an  increase 
of  tempeniture.  Tims,  during  the  activity  of  the  brain»  glands,  muscles,  etc., 
more  heat  is  proiluceil  tlian  wlien  the  tissnes  are  at  rest;  indeed,  so  abundant 
is  heat-production  during  severe  muscular  exercise  that  the  temperature  of  the 
body  may  rise  as  much  as  0.0°  (o  1.5°  C.  (1°  to  2.7°  F.).  During  sleep  the 
temperature  falls  from  0,3°  to  0.9°  C  or  more  in  young  childi-en. 

1  Journal  of  Kerfous  and  Mental  DtMoacs,  1890,  vol.  xviL  p.  782. 
'  Arrhire*  itnlimnrM  de  bioUtyiCy  1887,  L  viii.  p.  177. 
*  ZeiUehri/t  fUr  Biologic,  186D,  Bd.  v.  S.  479. 
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During  the  siimnior  the  moan  bodily  tcmporatiire  ifi  from  0.1°  to  ().H°  C 
hiplior  than  tiurin^  the  winter.  In  warm  climates  it  is  about  0.5°  C  higher 
than  in  cold  dinuUes,  hut  tho  difference  is  not  due  to  race,  simx*  it  is  olwerved 
in  individunls  who  have  change*!  their  hahitarionn  from  one  climate  to  another. 
Continual  ex[K>sMr(»  to  exeewsively  hi^h  or  low  twuperature>*  is  iuinncal  to 
life.  ExjMwurt^  in  dry  air  at  a  tem{H?nxtur(?  of  100°  lo  130°  C  may  cause 
the  Ijodily  temporjUnre  to  increaAO  as  much  as  1°  lo  2°  C.  within  a  few  minutes^ 
ant!  the  (emf>emture  may  rise  so  niptdlv  as  to  onnse  fatal  symptoms  within  ten 
or  titk'en  minutes.  A  hot  moint  aii*  is  iur  luorc  oppressive  and  dangerous  thou 
hot  dry  air. 

Bathn  exercise  a  jM»tent  intiiuncc  on  iMwlily  lemjx niture, hot  baths  incrca.sing 
and  cold  biths  dwrejisinij  it.  The  ellet't  nf  ii  eidd  hath  is  loss  if  it  follows  a 
hot  Imtli.  Thus  Dill'  found  that  his  morning  temperature  varie^l  from  33.7° 
to  36.6°  C,  after  a  hot  Imth  (40^-41°  C-.)  it  rose,  in  one  instance,  as  high  a» 
39.5°  C,  and  after  a  c*tld  bath  it  remained  ut  37°  C  When,  however,  the 
iiot  Imtii  was  omitteil  the  cold  InUh  I'oiluwd  tlit?  tem|>eniture  to  35.4*^  C.  Ual- 
jakowski '  has  recorded  some  very  interesting  results  which  show  that  the  local 
applif-ation  of  lii-at  canst*-*  the  JMHliK-  tcrnjMpature  to  sink  and  the  cutaneous 
teniprniture  of  the  part  expertmentHl  upon  to  rise.  The  experiments  were 
conducted  on  young  men,  whose  arms  and  legs  were  encased  in  hot  sand  at  a 
teiniK»rature  of  65°  C.  When  the  arm  was  used  the  axillary  temi>erature  sunk 
an  average  of  0.13°  C.  during  the  imih  and  Hubscfjuetitly  0.24°  C,  the  corre- 
s[Mjndin^  records  of  avenige  nrlal  tempcratun?  being  0.23°  amJ  0.31°  C.  In 
case  of  tlie  leg  bath  the  cnrres[Kjnding  rei^onls  were  axillary  0.06°  and  0.32° 
C. ;  and  rectal  0.21°  and  0.25^  C.  The  cutaneous  temperature  of  the  limb 
experimented  upon  increits<*d  materially,  the  average  rise  varying  from  0.73° 
to  1.20°  C,  according  to  the  jtart  of  the  limb.  I^ng-<N)nlinued  severe  exter- 
nal cold  may  prove  fatal,  l)ut  this  is  not  necessarily  due  to  the  effect  on  Iwdily 
tern peratu i*e,  for  Milne- Kd wards'*  fias  shown  that  rabbits  die  within  five  or  six 
days  when  exposed  to  a  temjwraturo  of  —10°  to  -16°  C,  without  the  bodily 
temperature  falling  more  than  1°  C. 

There  is  a  general  relationship  between  the  frequency  of  the  heart's  beat  and 
the  bodily  ten»perature,  (^ix.'cially  in  fever.  Biirensprung  note<l  such  a  coinci- 
dence between  the  diurnal  variations  of  the  pulse  and  btxlily  tfmporature ;  and, 
in  fever,  Aiken  found  that  for  each  increase  of  0.56^  C  (1°  F.)  above  the  mean 
normal  tem|>erature  the  pidsc-rato  was  imreaHLMl  about  ten  beats  \yex  minute. 
But  the  variations  in  the  two  do  not  always  corresjwnd  either  quantitively  or 
qualitatively.  Liebermeisler  found  in  man  that  for  a  rise  of  each  degree  from 
37°  to  42°  (.*.  the  increase  in  the  pulse-rale  w:is  12.6,  8.6,  8.7,  11.5,  and  27.5 
beats  per  minute  respectively.  Beljakowski's*  experiments  show  that  the 
bodily  tem|>ei"atnre  may  fall  and  the  pulse-rate  rise — in  one  set  of  experiment-s 
the  rectal  tem|)eruture  falling  on  an  average  0.23°  C.  and  tlie  }>ulse  increasing 


'  Britinh  Metlical  Jfmmal,  1890,  vol.  i.  p.  1136. 

«  Vmtrh,  1889,  p.  VM\  \   Pmnnrml  AfftiifoUrmnvtl,  1890,  p.  113. 

'  Comptta  rendus  de  ia  Soc.  d<  Sioloyie,  1891.  t  112,  pp.  201-206. 
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iHi  an  average  K.85  hmta  p(^  minute.  Af%er  the  local  hot  l)ath  the  temperature 
remained  aoboomul.  aisd  the  heart-btents  bcisme  Icsh  freqiieat,  and  tiaally  were 
on  an  avenigr  Ihmi  2.T  to  3.1  tvnts  per  minate  \e^  than  the  normal  rate. 

More  important.  howe%'er,  than  the  piil.-?e-nite  is  the  effect  of  the  amount 
of  M'  '"    ?  to  any  givpn  part  of  the  br»dv.     The  mere  lowering  or  rais- 

ing   i  -  saffiBient  to  alter  the  bloi»il-{?upply  to  the  part ;  thus  Komer 

fotmd  that  keepins^  the  arni  (iterated  fi>r  five  minutes  was  sufficient  to  reduce 
the  ffi»|f— ptiiiii.  of  the  hand  0.19°  C,  ami  that  if  the  {>eriod  was  doubled  the 
&il  "fT"""*-^  b>  OUSS*^  C.  CompresEioa  of  the  veins  of  the  arm  uiuy  diminish 
the  tciD|MtBdiiv  *if  tbs  hand  as  asuch  as  0.25°  to  2.45°  C,  while  com])res{^ion 
(Oi'tiiQ  bmcbial  arterr- mflLT  lamae  a  ^I  of  2.4°  within  fitleen  minutes,  A  larger 
supply  of  binud  to  thu  ctttaneous  !<ar&L-e  inerea^^es  cutaneous  tom]>eniture  and 
teoda  to  dearonK  intrmal  temptfrnturp^  while  a  lessened  supply  causes  tlie 
oppuiate  liflttcta. 

in  ubnormai  nowtfrtana  the  tenpenture  may  be  increased  or  decreased  :  in 
diuivrn^  iiabBln»  and  in  tlia  last  atagan  of  im?anity,  it  may  be  lowered  6°  or 
5**  i,\  ur  vvvo  ttotew  In  tVver  it  is  increased,  usually  ranging  between  37.5° 
I  '  C  (90.4**  ^ind  l(MJ.r°  F.),  but  in  very  rare  cases  it  may  reach  44°  to 
1  .lir    lo    113°  F.)  jttst  before   death.     A    tem|»erature  of  42.5°  C. 

(lUHtft"  K.)  ruttiuuuutfd  torsaveml  hours  is  almuet  inevitably  fatal.  lu  fru^, 
thu  hi^hiwl  tvuipvratuiv  coaaistBOt  with  life  for  any  length  of  time  is  l>elow- 
H»'l'  .  (u  bii>ls  frvw  4i*°  to  50**C..  and  in  dogs,  from  43°  tt>  45°  C.  Ex- 
t«i|itl(mul  (YWHM^  ATv  iui  rocimi  ^i  |>eopk'  having  survived  extraordinarily  high 
or  low  ImaIiIv  t»Jui|Hfmiurv,  Rii-hec  having^  reported  one  in  which  the  tempera^ 
f    i  '  '  '-'^  <\  ^U4.8°  F.),  while  Teale  records  an  axillary  tem- 

I V)  iu  an  hysterical  (?)  woman.     Frantzel  noted  a 

U»iM|M'>rttlui'v  ul  U^.U'^l.*.  (Ttt*i^  F.)  in  a  drunken  man,  and  Kosiirew  a  temper- 
lUlHi    '    ■'  '  *■' F.)  ill  t  '  I  sing  a  fractured  skull. 

h  V  ■    *»'*V'*  ^'  intluenoed  by  drugs  and   other  sub- 

«lMmKM»,  utiiuv  ur»(4*ui»u»«ii  wlc     ^  -  it,  others  decrease  It,  others  are 

wIIImuU  any  lumkiNl  ii(ltuvM«x\  \%liilu  oilicrs  exert  primary  and  secondary 
tiifdoii*.  AuK>iit{  lhu«i*  \\\xw^  iiicrvas<>  bodily  tempt^rjture  are  cocaiu,  atropin, 
ulrychuin,  kirmtiu,  uuAbiu,  v^mlria,  etc..  and.  as  shown  by  KrehP  and  others,  a 
Urg"  aumUu*  (*r  nlhcr  urt^tuiio  Kulv^t  I  luitTO-organisms.     TemjH:rature 

f«  ildiriiwiil  b>  uutttnlholK^  imapii...  ^..<.  other  hypnotics,  quiuin,  various 
HiiHi't  iL  lii«,   \\x\^v.  dvMLw  of  Atci*h\4.  ftc. 

AliK'Hg  ihu  muM  uu^kauiui  of  ihe  conditions  which  affect  l>odily  tcmpera- 
llliw  tun  ilialurbaniH3a  of  the  ucrvou.'«  Avsteuu  Injury  or  irritation  of  almost 
miv  mi\  <d  i\sv-  iiervti-ix^ittixM  luid  of  vvrtatn  nerves  may  give  rise  directly  or 
MlriMlly  U*  alttiiationa  of  lom|temlur«,  and  there  are  some  parts  which  are 
^u^y  Mti*>Mivi!  in  (hilt  n^Hju'ti.  tw^HH'iuUy  tvrtain  areas  of  the  bniin  cortex,  the 
•IHAIhI  Ic'ilitr;?,  till]  |KiUH  \'Hi\)iii,  ihti  spinal  bulb,  and  the  cutaneous  nerves. 
^I»  HWtllUi  "f^  injury  or  Hiintulation  of  these  as  well  as  of  other  parts  will 
1^  i%tM*itlt!fMl  hiii^r  on  (p.  4D:1). 

\  ,|(«4fi.  fUi  tij^rtrnffitUiU  fulHotoyt*  und  Phumutkotogie^  1895,  Bd.  36,  S.  222-268. 
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Temperature-regrulation.—Tlic  fad  that  during  life  the  or^uism  is  con* 
UnmiUy  produtiiiit^  aiul  Itif^tti^  hi'jil,  titnl  that  thn  IhhMIv  t(Mii|M?ratiire  of  l»i)mi>- 
thermous  unimal  w  niaintaiucd  at  an  alnuist  uiiiforin  standard,  notwithstauding 
considerable  mutations  of  aurrounding  tem|)et'afure,  render*  it  evident  that 
there  exists  iHi  impnHuut  mechani.sm  whereby  (he  repulation  of  the  Halations 
Ijelween  hea(-|)nwlurtion  and  heat-dis,^ipaltou  is  effk'ted.  It  must  Ije  evideut 
that  when  the  variations  in  heat-produetinii  and  heat-dir*sipation  halanct?,  bodily 
tem|>erattire  must  remaiTi  unalterecl^  and  thai  if  the  ebanges  in  one  exceed 
thfjse  iu  the  other  the  temperature  rtse-s  or  falls,  dopetidinj;  upon  wlietlier  more 
or  less  heat  is  pnxluced  tliau  is  dtssipalcMJ.  It  does  luit  follow  that  l>ecause 
heat-production  is  inoreaaeil  the  Ixxlily  temperature  must  similarly  be  affected, 
sinee  heat-dissipation  may  lie  inereased  to  the  same  extent  and  thus  elTeet  a 
cam[>eusati(>ii.  Therefore  au  alteration  in  heat-pro<luction  or  in  heat-dissipaliou 
by  no  means  implies  that  the  temperature  must  be  affer-ted.  Moreover,  when 
the  leni|H'ratunr  is  inereiusi'd  or  ditnintshcd  ihe  change  may  l)c  caused  by 
various  alteratii>n.s  in  the  quantities  of  lieiit  produced  or  lost,  singly  or  eom- 
biDcd,  and  the  temperature  may  remain  constant  even  when  both  processes  are 
materially  af!ectcd.  Tlius,  the  teinixirature  remains  oonMmit  when  l)oth  heat- 
profliiction  and  heat-dissipation  are  uunnalj  and  when  botli  are  increased  or 
decreaswl  to  the  same  extent.  The  tenipenitui-e  is  iHcreojtrd  when  heat-pro- 
duction is  normal  and  he-at-dissij>atioa  diminishetl ;  when  Iwjth  heat-production 
and  licnt-dissi|>atioM  are  diminished,  hut  wlion  hcat-pro<hiction  is  diminislied 
to  a  less  extent  than  lieatHlissipalion ;  when  heat-pro<luction  is  increasetl  ajid 
heat-dissipation  remains  normal ;  when  buth  heat-}>ro<]uctioD  and  heat-<lissi])a- 
tion  are  increased,  but  when  hcat-prodiietion  is  increased  to  a  greater  extent 
than  lieatMlissijMition  ;  and  wIjcu  heat-prodni'tlon  is  intrrejiscfl  and  heat-dissipa- 
tion is  diminishefl.  The  temperature  is  dinihmhed  when  heat-production  is 
normal  and  heat-dissipation  is  increased  ;  when  heat-prcnluction  is  diminished 
and  heatH^lissi|»iition  remains  normal ;  when  heat-pnxlnction  and  heat-dissij>a- 
tion  are  diminishtMl,  but  when  heat-production  in  diminished  to  a  greater  extent 
tlian  heat-clissipation  ;  when  h^it-pHxluctiou  is  diminished  and  heut-dissi|m- 
tion  is  increase<l ;  and  when  both  heat-<lissipition  and  heat-prttduction  are 
inoreast'd,  but  when  hcat-protluction  is  increased  to  a  less  extent  than  heat- 
dissipation. 

It  is  generally  regarded  by  clinicians  that  Iwdily  temperature  varies  directly 
with  heat^priKluction — that  is,  that  a  rise  rnwins  incnnised  production,  and  a 
fall  diminished  pnxinction ;  but  the  fallaciousness  of  such  a  conclusion  must 
be  ap|>arent.  Il  may,  liowever,  be  accepted  as  a  fact  that  in  fever,  as  a  rule, 
an  increase  of  biidily  temperature  is  a  concomitant  of  increased  heat-produc- 
tion, and  diminished  tem|>erature  of  diminished  heat-prod  notion ;  but  it  must 
also  be  observetl  that  pyrexia,  aldioujrh  ^'ncnilly  due  to  inci-eajMtl  heat- 
production,  may  also  be  due  p:irtly  or  wholly  to  diminishe<i  heat -dissipation. 
It  id  obvious,  therefore,  that  tem|>eratnre  variations  simply  show  that  the 
balance  l)etwecn  heiit-prodn{*tion  and  heat-ilissipation  is  disturljed.  without 
pi>*itively  indicating  how  the  processes  of  heat-production  and  hcat-dissipation 
are  afllcted. 
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ttnaeraed  in  the  adjuAtraent  of  the  relations  between  lieat- 
and  heMHlttBipfltioii   will  be  conflidered  under  another    heading 

B.   ISCOMB    AKD     EXPEKDITUBB    OF    HeAT. 

Btavilr  '^penkxair.  the  •rooroe  of  animal  heat  is  in  the  potential  ener^  of 
iipnin  iJHi^  laiilf  ii  i  w  Utde  relatively  bein^  obtained  from  tlie  heat  of  warm 
Iba4.  ixmk  iinBit  and  tiirwdy  troni  external  s(^mn^e.s,  such  as  the  sun's  rsys, 
tfcift  liiaM  !Mum»  manr  b«  dLsre^rtleiL 

TliM  r«aMalHR'«£  Kniwier^  liuve  eleorly  shown  that  chemical  chang<^  in 
ikm  Unir  cvMMlitaltt  tlia  aMUne  (>f  aiiiuud  heat.  He  made  estimations  of  the 
mammak  ui  hmk  thl  ^maid  ht  ffimuti  in  the  body  as  indicated  by  the  ex- 
okMi  'CirtlkJMA'^ljpprti^^ad  9iam  klMsnun^l  by  direct  calorinietr\*  (see 

bttUitw  ,  w^-T  nm^pomkmtktm.  "B'Jrrjn  owlBr  eanditiiiuci  of  ^ntin^  and  vurA'ing 
«U*k     Tb»  rwdl^ufclhft  tW9  caa»  «nr  jtrifciBgiy  ciose^  as  will  be  observed 
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Income  of  Heat. — Since  the  energy-yiolding  fiKxl-HtiifTs  are  essentially 
pivitt'itis  fats,  an«l  f.trlHiliyilpaU'S,  and  conipojHsl  of  (',  H,  O,  and  X,  and  .sim'o 
llio  pnulurtsS  of  tlieir  «li.sint4'|^ratit>n  are  fssi'ntially  urea,  Ct),,  and  ILO,  iUv 
amount  of  energy  yielded  by  the  oxidation  of  the  footi-atiiffs  can  rcailily  he 
dcU'nnined  if  wc  know  tho  qnuntity  and  tjiiality  of  ihe  foo*l  and  rxcrela. 
Since  the  energy  of  the  organism  i.-^  nianifrsU'd  CHsentially  in  the  form  of 
heat  and  work,  and  an  untler  ordinary  eirenniHtances  hut  a  fraction  of  it  is 
manifeslei]  as  work,  we  nmy  Iti  making  thi;^  estimate,  as  a  matter  of  oon- 
•venienee,  (Hjnsider  that  ttie  total  aviiiUihle  energy  of  the  food  appears  in  the 
form  of  heat. 

The  income  of  energy  Unn  been  estimated  by  determining — (1)  the  quan- 
tity of  oxyj^en  ivmHurnod  ;  (2)  the  ainoinits  of  C  and  H  that  are  oxidi/od  in 
the  Iwdy  into  CO.  and  H^< ) ;  (.'?)  tlie  <jnantity  and  (juality  of  the  f(KMl  oon- 
Bunied  in  the  iMwly  and  the  protincts  resulting  from  their  <leeomposition,  and 
the  enerj^ry  yichhfl  by  the  iixidation  of  the  same  siibstaiK-es  outside  the  IkhIv 
when  they  are  iloeoin|w>seil  into  tfn'  ^ame  residual  products  as  apjK-ar  in  the 
body;  (4)  the  quantity  of  heat  prrwiuced,  by  the  aid  of  a  calorimeter,  the 
inrlividnal  heinj;  kept  quiet  so  that  as  little  tu?  p<5ssihh'  of  the  energy 
ex|M*nded  iijipeiufi  a,M  work.  The  thinl  inethiKl  is  a  metluKJ  of  iudirtd. 
calorimt'try,  and  the  fourth  nictfiwl  (hat  of  direH  calorimetry,  or,  briefly, 
calorinu'try. 

Tiie  first  two  metlwwls  liave  falh'U  into  disuse.  Aeeordinp  to  the  third 
method,  it  is  iieeessiirA-  tluit  we  know  the  kiial  and  quantity  of  ('(mkI  <H>nstun<Hl, 
the  final  prmhiets  of  disintefrration,and  the  (piantity  of  energy  evolved  l>v  the 
conversion  of  eaeh  of  the  fihwl-stuHs  tn  its  nttrnjal  residual  substances.  As  the 
Ijasis  of  the^c  caleiilatiiais  we  have  the  fuel  (hat  during  the  (wiinplete  oxidation 
of  any  given  substance  a  definite  amount  of  energy  is  given  ofl*  and  that  when 
the  oxidation  is  l>ut  [xirtial  only  a  jKU'tiou  of  energy  is  evolve<l,  tfie  propirtion 
being  in  accordance  with  the  stage  of  oxidation.  The  complete  oxidation  of 
1  gram  of  proteid  yields  5778  I'alories;  of  1  gram  of  fat,  9312  <^lories ;  and 
of  1  gram  of  carbohydrate,  4116  calories  (see  Potential  Energy  of  Food,  p. 
364).  If  these  substances  be  completely  oxidized  in  the  IxxJy,  the  amount  of 
energy  evolved  will  be  the  same  as  though  the  oxidation  occurred  outside 
of  the  body,  provided  that  the  Bnal  pn>tluets  are  the  same  in  both  cuse6.  As 
far  as  tats  and  carbohy<l rates  are  cont!erned,  we  are  justified  in  assuming  that 
they  are  completely  oxidized  in  the  ImkIv  into  iX\  and  H^^O;  but  the  ]»roteids, 
as  already  p<»iiited  out,  undergo  only  {Nirtial  oxidation,  each  gram  yielding 
about  one-tliird  of  a  gram  of  urea.  The  results  of  experiments  show  tliat 
eaeh  gram  of  urea  contjiins  potential  enei-gy  ^fpiivaleiit  to  2^»23  calories,  and 
since  each  gnini  of  proteid  yields  one-third  of  a  gram  of  urea,  representing 
841  calories,  ea<'h  gram  of  proteid  yields  theoretically  to  th(»  orjnuiism  only 
4937  calories.  The  available  energy  from  tin*  prfiteid  would,  thereibrc,  be 
4^nivalont  to  the  total  amount  of  energy  derivable  from  the  complete  oxida- 
tion of  the  proteid  minus  the  amount  repreaented  in  tliG  orea.     Practically, 
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according  to  the  ex[H»rinicnts  of  Rubiier,  ea«li  gram  of  proteitl  is  estimated  to 
yield  4100  calorics.  Witli  these  fsiets  in  view  it  is  a  simple  matter  to  deter- 
mine the  totiil  income  of  energy,  should  the  diet  l>e  known.  Thus,  if  the 
diet  consists  of  120  grams  of  protcidn,  WO  2;r:iins  i>f  i'ut>  and  330  of  carbo- 
hydrates, the  absolute  and  available  amounts  of  cnerg\'  ingested  are — 

Granu.               Calurlea.  Calnriofl. 

Pfoteida 120         x         5778  693,360 

FaU 90         X         9312  837.080 

Carbohvdratm 330         x         4116  1,358,280 

2.888.720 

Deduct  the  proleid  energy  in  40  grams  of  urea,  40  x  2523=  100,920 

Total  iJnily  Heat-prmluftion 2,787,800 

This  is  assuming  that  the  entire  quantity  of  proteids,  lats,  and  carbohydrates 
is  digested,  abHor])ed  and  ultimately  bn>ken  down  into  CX)j,  H,0,  and  urea. 
This  assumptimi,  however,  is  not  justified  by  fact^,  since  we  know,  for  instance, 
that  more  or  less  food  escapes  digestion.  Moreover,  the  calori metrical  values, 
at  least  fr)r  proteids,  are  prohnbly  too  liigh.  In  practice,  thercfon',  it  is  nec- 
essary to  ascertain  from  the  excreta  of  the  animal  (see  section  on  Nutrition) 
jiLSt  how  much  of  the  ingested  foo<l  has  been  absorbed  and  completely 
or  partially  de^itroyed  in  the  body. 

Calorimetric  investigations  also  afford  us  indirect  information  as  to  the 
income  of  heat  by  showing  the  cpiantities  of  heat  produced  and  dissipated. 
Such  data  ore  of  much  value,  since  it  is  evident  that  sliouhl  the  euergy  of  the 
\xydy  be  maintained  in  a  condition  of  equilibrium  from  day  to  day,  and  should 
the  energy  resulting  from  the  transfonuatioii  of  jxitential  energy  Ije  manifested 
solely  in  the  fonu  of  heat,  it  follows  tliat  the  uican  daily  heat-production  and 
income  of  available  enei-gy  must  balance.  But  it  cannot  be  considered  that  this 
balance  is  maintained  at  a  constant  standard  from  hour  to  hour,  nor  from  day 
to  iVdv  ;  on  the  enntrury,  the  fluctuations  are  uudoubledly  eonsidemble,  as  is 
obvious  by  the  fact  lliat  we  are  conlinually  expending  energy  and  only  periodi- 
cally (at  meal-times)  ac(]uiring  energy.  During  fasting  there  is  absolutely  no 
income  of  energy,  yet  the  outjiut  of  heat  may  Ix^  subnormal,  normal,  or  hyper- 
nornial  J  on  the  other  haiidj  if  an  excess  of  energy  Ix;  ingested,  as  in  exccKsive 
eating,  it  is  not  by  any  means  implied  that  there  is  a  similar  excess  in  heat-pix)- 
duc'tion,  Wause  some  of  the  food  ingested  may  be  lust  as  utuligested  food  or  as 
partially  oxidized  excrementitious  mattei-s,  or  may  be  ston-d  in  the  body  in  the 
form  of  carbohydrate,  fat,  or  proteid  ;  nor  docs  an  excess  of  heat-prtNluction 
imply  an  excess  of  income  of  energy,  beauise  the  storetl-up  energy  may  be 
drawn  upon.  (For  results  of  the  calorimetrlc  method  see  p.  482.)  The  results 
of  the  various  merlnHls  are  in  close  accord,  and  indicate  tlmt  in  the  adult  the 
total  income  oi'  available  energy  is  about  2,500^000  calories. 

Expenditure  of  Heat, — Assuming  that  the  ei»ergy  of  the  organism  is 
expended  in  the  form  of  lieat,  and  tiiat  the  total  income  of  available  energy  is 
2,500,000  calories,  it  has  been  estimated  by  Vieronlt  that  about — 
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1.8  per  cent,  u  lost  in  the  urine  and  feces 47,.'iOO  calonee^ 

as         "  «  "      expiwi  air 84,.iO0 

7.2        "  **  **      evaporation  of  water  from  the  lungs     182,120        *' 

1-1.5         «  .»  «  «  "  M         gbin^     364,120 

73.0        *i  «         "      radiation  and  conduction  from  skio  1.791,820 

2,600,000  oloricA. 

Tliercfore,  ab<Mit  87.5  per  oent.  is  lost  by  the  skin,  10.7  per  cent,  by  the  lungs^ 
ami  1.8  per  cent,  in  the  urine  and  feces. 

C.  Heat-production  and  Heat-dissipation. 

Calorimetry. — The  infensiiif  of  heat  of  any  substance  i?  measured  by  means 
of  a  liiermometcr  or  tlicrrnopile ;  (he  qmintity  of  hetit  present  is  estimated  by 
the  weight,  the  pptn-ifiir  heat,  and  the  mean  temf»erature  of  tlie  bo<Jy  ;  the  quan- 
tity of  heat  fiiMtiHiUd  is  niensunMl  by  the  calorimeter;  tin<I  the  ([uantity  of 
heat  prfKhiccfl  is  determined  by  the  r|uantity  dissij»ated  plus  any  addition  of 
heat  to  that  of  the  body  or  miinis  any  that  is  lost  (p.  481).  Thfc-  cuhric,  or  heat 
unity  is  the  quantity  of  heat  tlnit  in  neetv^i^ary  to  raise  the  tein|)ei^ture  of  one 
gram  of  wjit<'r  1**  C. ;  tl»e  me<.'liiiijifal  unit,  or  (fmrnmetrr,  is  the  <iitanlity  of 
energy  requtrod  to  nii.sc  one  gram  a  height  t*f  one  metfr,  4*J4.a  grarnnH'ters 
being  equal  to  1  ealorie ;  n  kiiwalona  or  kilogntmtliyrrc  is  c*iuiil  to  lUOO 
culories.  an<i  a  ki/t^jrttmuufir  tu  1(MM>  jrninnnetvrK  By  ttptTific  heat  l.s  nu'unt 
the  <iii;innty  of  h»*at  n-ipiired  to  mise  tlie  t*'nqM-nitiire  of  any  substance  PC, 
this  quuntity  varj'ing  consideruisly  tor  ditl't  n-m  substanees.  If  wat^'r  be 
taken  a:*  1,  as  a  stundanl  of  comparison,  tht*  sp('fUi4:  h^^at  ai'  (lie  ariiina!  biHly 
may  be  regarded  us  la-iiig  aUjut  O.S  ;  in  other  \vord>:,  U.S  of  tlie  qiiaiilily  of 
heat  will  l>e  require*!  to  heat  the  anintal  l««ly  as  to  heat  the  same  weight  of 
water.  Knowing  the  weight,  8|M'eitie  heal,  aiul  tem|»erature  of  any  substanee 
the  total  i|uaiitity  of  heat  st<>rL'd  in  it  at  a  given  temperature,  eomjmred  with 
the  same  luxly  at  0°  V.  nmy  be  niidily  t"aleiihited.  Thutf,  if  the  animal 
experimented  uixjn  weigh  20  kilos,  its  s|>ee»fio  heat  1k»  0.8,  and  its  temperature 
be  39°,  the  total  ijuantity  of  heat  sloreil  would  Ix?  20  V  0.8  X  W'^  ^  62.4  kilo- 
granidegree^.  In  eiilorimetric  work  the  total  heat  iu  the  orgauusm  is  seldom 
considerenl,  but  the  s|)ccific  heat  of  the  organism  is  of  imp^rt^ince  in  determin- 
ing tlie  qnaulify  c>f  heat  involv*'d  in  a  ehangc  of  the  animaPb  tem|¥*niture.  For 
instanee,  should  the  uuiinal  weigh  20  kilognmis  and  its  temjK'rature  be  increased 
or  decreased  0.2°,  the  quantity  of  heat  added  to  or  takeu  from  the  heat  of  the 
body,  as  the  ease  may  l)e,  would  l>e  20X0.8X0.2  =  3.20  kilogramdegrees. 
These  caleulations  are  of  fundameutul  importance  in  .studying  heat-production 
and  heat-dissipation. 

In  making  estimates  of  the  dissipation  of  heat  no  regard  is  paid  usually  to 
the  quantity  losr  in  the  urine  and  feces,  l)ccause  the  error  involved  is  so  slight, 
but  the  qimuttties  inipartcHl  to  the  air,  both  in  warming  the  inspired  air  and  in 
evaporating  water  from  the  lungs  and  skin,  repreaejit  important  percentages. 

Calorimetry  is  spoken  of  as  direct  and  indirect.  The  former  meth<^l  is 
the  direct  determinatiou  of  (he  amount  of  heat  produced  and  diasi{)ate<l ;  the 
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latter  is  the  lodirtK^t  (]etermiuation  based  upon  estimates  of  the  quantities  of  O 
aKsorbed  and  CO^  eliminated,  or  upon  the  amount  of  potential  energy  ingested 
in  tlie  fxxl  and  probably  transformed  into  kinetic  eoergy  within  the  body 
(p.  -174). 

Calorimeters  of  various  forms  have  been  employed,  some  of  which  have 
been  devisetl  to  study  the  bQ<ly  as  a  whole,  while  others  are  adapted  only  for 
studyinir  parts,  such  a.s  a  Ic^  or  arm.  Thty  may  Ije  classified  as  ice,  air^  and 
water  pnlnrimeter.s  in  accordance  with  the  chief  medium  employed  to  absorb 
the  heat.  They  ouusist  esbeulially  of  an  iusulated  jacket  of  ice,  air,  or  water, 
which  encloses  the  animal  and  serves  to  absorb  (he  heat.  The  ice  calorimeter 
is  imjirnt^tifuiblc  for  physiologioid  Uf^rs  ;  the  :iir  t^alorinictcr  until  very  rei'cnt 
years  has  found  l)ut  little  ac<M'ptjincc,  hut  is  (icstTvnlly  fasfc^iininji  in  jM>pular- 
ity  ;  the  watvrcahirinirtcr  is  the  roniiuf;i]i|KU":il  us  usual  Iv  eiu]>lovril,liaviujf  Im-ch 
first  used  bv  C'liiwfonl  in  1788:  it  lias  bii-n  mutcriallv  nifnliJu'd  bv  !>i'siirct2 
anil  Dulring  and  subsequent  investigators.  The  now  classical  instrument  of 
Dulouy;  consists  of  two  concentric  case^.  The  animal  is  placed  witliiu  the 
smaller  case,  which  is  submerj^e<,l  in  the  water  contained  in  the  larger  case, 
this  in  turn  being  plactnl  witliin  a  large  box,  between  winch  and  the  calorime- 
ter some  uon-coiuhictini^  material  such  as  feathers  or  wool  is  packed.  Suit- 
able openings  are  maile  for  the  projier  supply  of  fresh  air  and  for  the  agitation 
of  tlie  water  in  the  calorimeter  so  that  an  equaliauition  of  the  tempemture  of 
the  instrimient  can  be  (jbtiiinccL  This  apparatus  has  certaiir  serious  defects, 
however,  which  rentier  it  troublesome  for  exiiedilious  and  accurate  work.  An 
inipix)ved  furm  devised  by  the  author'  which  is  now  in  general  use  meets 
every  essential  requirement  for  a  satisfactory  instrument.  The  apparatus  con- 
sists of  tw<»  fotici  iilrur  boxes  ot"  sliiicf  metal  vvfiicfi  are  fiistcncfl  toj^ether  so  that 
tJtere  is  space  of  aUjtit  one  and  a  half  inches  between  theru  filled  with  water 
(Fig.  80).  The  outer  box  is  fifteen  inches  in  height  and  width,  and  eighteen 
inches  in  length.  Ati  ojwning  (A)  nine  inches  in  diameter  is  made  in  one  end 
for  tlie  euti-aufc  and  exit  of  the  auinial.  It  is  alsi»  jH'rforated  with  three  small 
holes  in  the  top  I'ornei's,  and  a  slit-like  opening  iu  the  top  on  one  side.  Two  of 
the  holes  ai'e  for  the  tubes  for  the  entrance  and  exit  of  air  (AW,  AW),  the  entrance 
tuljc  being  carried  close  to  the  iKittom,  while  the  exit  tube  extends  only  to 
the  top  of  the  box,  and  is  placed  in  the  opposite  diagonal  corner,  thus  ensuring 
adequate  ventilation.  In  the  third  hole  a  thermometer  (C  T)  is  inserted, 
by  means  of  which  the  tem(M'Tature  of  the  ctdoiimeter  {jacket  uf  metal  and 
water)  is  obtained.  The  opening  in  the  side  is  for  the  in>ct'lion  uf  a  stirrer  (S), 
which  is  for  the  purpose  of  thoroughly  mixing  the  water  and  thus  equalizing 
the  temperature  of  Inith  water  ami  metal — in  other  words,  oi'  the  calorimeter. 

Before  using  the  apparatus  tlie  caLomnetnc.  cffutrn/cnf  must  be  detetmined, 
that  is,  the  amount  of  heat  rt*quired  to  raise  the  temjjeratureoftlie  instrument  1°. 
This  may  be  obtained  indirectly  by  knowing  the  diirerent  siibstamns  use-d  in 
tlie  construction  of  the  in?.trumcnt,  tlieir  weights,  and  tfieir  specific  heats,  and 
estimating  from  these  data.  It  is  better,  however,  to  make  the  determination 
'  B«ichert:   Umvenity  Medical  3fa^nt,   1890,  vol.  2,  p.  173. 
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by  burning  a  definite  amount  of  absolute  alcohol  or  hjdrc^n  within  the  instru- 
ment, or  by  using  a  sealed  vessel  of  hot  water  of  a  known  temperature  and 
allowing  it  to  cool  to  a  definite  extent.  The  process  is  simple;  fur  instance, 
each  gram  of  alcohol  ur  each  liter  of  hydrogen  completely  oxidized  yields  a 
definite  Dumber  of  calories;  similarly,  a  detinitt;   weight  of  water  coo]e<)  a 


Fio.  80.— Belcbert't  water  calorimeter. 

defiuite  number  of  degrees  gives  off  a  definite  quantity  of  heat.  The  heat  thus 
generated  by  the  oxidation  of  the  alcohol  or  hydrogen  or  given  off  by  the  cool- 
ing of  the  water  is  imparknl  t*j  the  calorimeter  and  increases  its  temi>erature. 
Knowing  the  fjuarility  of  heat  given  to  the  calorimeter  and  the  increase  of 
tcmpernture  of  the  instrument,  the  determination  of  the  calorimetrical  cHpiiva- 
lent  may  be  easily  made.  Thus,  1  gram  of  alcohol  yields  in  round  numbere 
7000  calorics;  if  we  burn  10  grams  of  absolute  alcohol,  70,<X)0  calories  will 
result;  if  the  temi)erature  of  the  calorimeter  be  increased  1°,  the  calorinietric 
equivalent  will  be  70,<XX)  calories  or  70  kilogrumdegrees;  in  otlier  words,  for 
each  degree  of  increase  uf  the  tcmjKrature  of  the  calorimeter  a  quantity  of 
heat  equivalent  to  70  kilogramdegreos  is  absorbed. 

The  heat  dissi]iate<i  Ity  an  animal  is  only  in  part  absorbed  by  the  calori- 
meter, another  portion  bviug  given  to  the  air  which  j)aflses  from  the  instrument, 
and  anotlier  portion  to  water  which  is  evajx)raled  from  the  lungs  and  hkio. 
Three  estimates,  therefore,  are  necessary — (1)  of  the  heat  given  to  the  calori- 
meter, (2)  of  the  heat  giveu  to  the  air,  and  (3)  of  the  heat  giveu  off  iu  the 
evaporation  of  water. 

The  estimate  of  the  heat  given  to  the  air  necessitates  tlie  measurement  of 
the  quantity  of  air  supplied  to  the  calorimeter,  and  of  the  temperature  of  the 
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air  on  entering  and  leaving  the  calorimeter;  while  the  estimate  of  tlie  heat  lost 
in  evaporating  water  involves  the  measnrcmeut  of  samples  of  the  air  entering 
and  IwLviufT  tlie  iriHtrnmLMit  and  of  the  quaiitltiws  of  water  in  both  cases,  the 
total  quantity  of  water  evaporatal  from  tlie  animal  being  estimated  from  these 
data. 

The  cx)iHliiet  of  such  exjwrinipnts  is  not  attended  with  any  material  dif- 
ficnltie.s.  The  watt^r  of  (lie  calorimeter  is  stirred  for  a  sufficient  length  of 
time  in  order  to  obtain  a  uniform  temperature.  The  temperature  of  the 
animal  in  taken  and  the  animal  tlien  placed  within  the  animal  rhamber.  The 
teni|H?ra(iirus  of  tlie  iwlorimt'ler  and  of  the  air  entering  and  lt'aviu|j;  the  iu^stru- 
inent,  and  readings  of  the  tliree  ^is-meters  are  recorded.  During  the  progress 
of  the  experiment  air  tera{)eratures  are  recorded  at  regular  intervals  of  ten  or 
fifte<*n  minutes  and  the  water  stirred  for  a  few  second;^  cnrli  time.  At  the 
conclusion  of  the  exjieriuient  there  are  i-ecorded — tlic  tem|>ei"ature  ttf  the  calori- 
meter, the  tennKTatures  of  the  air  entering  and  leaving  the  calorimeter,  the 
quantities  of  air  jKissiug  through  the  three  gas-meters,  and  the  temperature  of 
the  aninmi. 

The  quantity  of  heat  given  to  the  calorimeter  i.s  now  determined  by  multi- 
plying the  increase  of  temperature  of  the  instrument  by  the  culortnietric 
ctpiivalent.  If  the  rise  of  temperature  lie  0A°  V.  and  the  ealorimetrie  equiva- 
lent be  90  kilugramdegrees,  the  quantity  of  heat  imjjarteil  to  the  water  jacket 
will  be  90  X  0.6°  =  54  kilogramdegrees. 

The  quantity  of  heat  imi>artfHl  to  the  oir  is  determined  by  finding  first  the 
corrected  volume  of  the  air,  then  riilncing  the  oorrected  volume  to  weight, 
then  multiplying  the  weight  by  the  specific  heat  of  air  at  0°C.,  and  finallr 
multiplying  by  the  increase  of  temperature.     The  corrected  volume  may  be 

V      P 

obtained  by  the  following  formula:  V^ ,  where  V  is 

7G0  (1  +  0.003665  0 
the  required  volume  at  0°C.  and  760  mm.  barometric  pressure,  V  the  ob- 
served volume,  P  the  observed  pressure,  ami  t  the  observed  mean  temperature  : 
700  {1  -f-  0.003665)  is  conveniently  obtaineil  from  standard  tables.  The  errors 
incident  to  changes  tu  barometric  pressure  and  in  aqueous  tension  are  so  slight 
that  they  are  not  usually  taken  into  amsideration.  Assuming  that  the  quan- 
tity of  air  supplied  amounted  to  6000  liters,  and  that  the  mean  tempeniture 
of  the   air   was   20°,  the   corrected   volume    would    be,  omitting  liarometric 

V  6000 

pressure  and  aqueous  tension,  V  = = =  5590  liters 

(1  +  0.0036656  0      1,0733 

at  0**  C.  One  liter  of  dr>'  air  at  0°  C.  weighs  0.001293  kiiogram  ;  therefore, 
5590  lilen*  x  0.001293  =  7.228  kilograms.  If  we  assume  that  the  air  during 
il.s  |iassage  through  the  calorimeter  had  its  temperature  increased  3°,  and  the 
apccific  heat  of  air  is  0,2377,  the  quantity  of  heat  imj^rted  to  tlie  air  must 
have  Ikh^ii  7.228  X  3  X  0.2377  =  5.152  kilogramdegrecs, 

Tlie  next  e2»timate  is  of  the  quantity  of  heat  lost  in  the  ecaporcUioti  of 
Thb  is  determined  by  tending  the  difierence  between  the  quantities 
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of  water  in  the  samples  of  the  air  |ML«siiig  into  and  from  the  calorimeter,  ami 
estimating  from  ih&e  results  tlic  amiuint  of  moistiuH.-  imparted  tu  the  total  air 
leaving  the  chamber  Asjiumiug  that  10  grams  of  water  were  thus  evajwnifed, 
since  each  ^rara  requiivn  al>out  682  <-alories  or  O.o82  kilojrramdegi'ee,  the  quan- 
tity of  heat  evolved  woiilil  he  equal  to  10  X  0.682=  5.82  kilogranuk'grees. 

The  total  <|iiaiitily  of  heal  di&Hii>aled  would  therefore  be  the  sum  of  the 
quantities  given  tu  tin-  eahiiimetor,  to  the  air,  and  to  tlie  water  evaporated  : 

Given  tu  tlie  calorimeter M.OOO  kilogramdegrtict. 

Given  to  llie  air 5,152  ** 

Lost  iu  evn|>nraling  water 6,820  " 

Tatul  heat-Jistupation tJ4,»72  ** 

The  quanfiiif  of  heat  produced  is  determine*!  hy  :ulding  lo  or  fiuhtractitig 
from  the  quuutity  di^ipateil  the  amount  of  heat  that  may  have  been  gained 
or  lost  by  the  or^anisiii.  It  is  ttbvious  that  any  dirt'ei-enc*'  IxHween  the 
quantities  of  heat  dis.si[mtHl  ami  pnxhiee*!  must  be  repre.sented  by  an  increase 
or  decrease  of  the  mean  temperature  of  the  jiniiTial.  If  the  aTiimal*^  tcmjx'ra- 
ture  remains  unehan^^,  the  quantity  of  heat  produi'wl  is  the  same  as  the 
quantity  lost;  if,  h<jwever,  the  animal's  teaijierature  inci-eases,  less  heat  is 
dlssipateii  than  h  produ*^ ;  if  it  falls,  vict  versa,  Tlie  quantity  of  heat 
invalve<l  in  ii  <'haiigi*  of  b4)dy-trni)>emtinx'  is  determined  by  tl*e  product  of 
the  change  iu  tcmjierature  into  the  animal-^  weight  and  speeJtic  heat.  A8sum- 
ing  that  the  animal's^  temprature  at  the  l>eginning  of  the  experiment  was 
38.95°  C.  and  nt  the  end  39,32°  C,  the  temperature  being  increaseil  0.37*^  C, 
that  the  nnitnalV  weiirlit  was  2o  kih>gmnis,  and  that  the  anirnHrs  s{)ecifie  heat 
yns  0.8,  llie  tjuaiitity  of  jieat  wt.uhl  be  0.37  X  25  X  0.8  -  7.4  kilogramdegrees. 
The  quantity  of  heat  pn^luced  would,  therefore,  be  the  total  quantity  dissi|>ated 
phis  the  quantity  of  hent  adiiinl  to  the  hejtt  of  tlie  organism  at  the  time  the 
ex|)eriiueMt  bt*gun  ;  therelbre,  tlie  licat-producliou  way  04.972  -f-  7.4  =  72.372 
kilogramdegrees.  If  the  animal'^  temperature  had  fallen,  more  heat  would 
have  been  dissi|>ated  than  jwoilueod,  iK-eau^  the  lota!  quantity  of  heat  in  the 
organism  was  greater  at  tlie  l)egiiiuing  than  at  the  end  of  the  experiment; 
therefore,  tlie  iiuantity  of  heat  represcuteil  in  tlie  change  of  tem]>erature  would 
have  U-en  di?»luotetl  from  the  quantity  of  heal  disHipate<l. 

Wliile  cidorimetric  exfierimi^nts  do  not  genemliy  involve  any  special  diffi- 
culties, accurate  results  can  only  be  ensured  by  the  strict  observation  of  certain 
details :  (1)  The  temperatures  of  the  calorimeter  and  room  should  be  as  nearly 
as  possible  alike  and  kept  as  far  as  possible  constants  (2)  The  thermometers 
employed  should  t>e  so  sensitive  that  readings  tain  be  nuide  in  hundredtlis  of  a 
degree,  and  they  shotiKl  res]K)nd  very  quickly,  so  that  rectal  temjieratureH  can 
be  obtained  within  tliree  minutes.  (3)  Rectal  temperatures  are  to  be  preferred, 
the  thermometer  always  being  inserted  to  the  same  extent  aiid  held  in  Uie 
same  position,  care  being  exercised  to  prevent  the  burying  of  the  bulb  in  fecal 
matter  (4)  The  anitnat  during  the  taking  of  it-*  tem|>erature  mast  on  no 
account  be  tie<l  down,  but  gently  held,  and  all  circumstances  seduoiLsly  avoided 
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that  tend  to  excite  the  animal.  Tlie  <-liinf  sources  of  error  in  the  calorime- 
try  are  in  failurt^  to  obtain  accurate  teniperatures  of  the  calorimeter  and  of 
the  animal.  In  the  latter  case  InacciiriKy  is  to  some  extent  absolutely  una- 
voidable, chiefly  Ijecausc  of  normal  tiuctuations  wbicb  occur  frequently  and  are 
oiteu  very  marked. 

Conditions  affeot^ing-  H«iat-production. — Tlie  fjuantity  of  heat  produced 
mast  net'essarilv  vary  witfi  many  circiniistaiices.  E,stfmates  of  heat-production 
in  the  ailiilt  ranj;^  in  riKiiul  iinnibrrs  IrDm  20tH)  to  .'iOfMl  kilogramdegrees  per 
diem  aocordiug  to  the  nietbod  and  incidental  cirounistances.     Tbtis,  according 


Scbarlinf; 31H9  kilojy^amdegreefl 

Vogel 2400 

Hiru      3725  *' 

I^ydeo 2100  " 

Hi'u.l.oltz 2732  *' 

Roeenthal 2446  " 

DanilcBkr 3210  ** 

Ludwig  .      3192  » 


Kanke 2272  kilogntmdej;r««9 

Hiilmer 2843  " 

On 103  *' 

per  hotir  during  tlie  aflernoon  (weig^ht  of 
iitun  87. 3  kilogrsnis). 
Lichtttschew  ....    33.072  to  38.723  kilo- 
granidcKreca  per  kiJogram   of  body-weighl 
per  diem.^ 


The  chief  conditions  wbicli  affect  hcat-|>rtMbiotion  are  age,  sex,  constitution, 
body-weight  and  bwlv  snrfar'ts  s^mx-Ips,  ro.'tpiratory  ai*tivity,  the  condition  of 
the  circulation,  internal  and  external  tem|K=ratijre,  food,  digestion,  time  of  day, 
niusfulnr  activity,  the  activity  of  heat-dissipation,  nervous  influences,  drugs, 
al>norinal  and  pathokjgical  conditions. 

Vtumtj  niiirnals  jiriMlnce  morn  heal,  weight  for  weight,  than  the  mature.  This 
IB  owing  chiefly  to  the  greater  activity  of  the  metabolic  processes  in  the  former, 
and  in  jwirt  to  the  relatively  hir^er  hmW  surface,  young  animaU  generally 
being tsinallcr  tlijin  the  matured  and  tlius  iiaviiig,  in  pnip<ntion  to  btKly-weight, 
larger  radiating  surlaceK. 

Hf'at-pnMlni'tloii  is  ?ii(»rc  active  in  the  rnbnst  than  in  tin'  ireaky  other  con* 
ditioUM  iu'ing  tlu"  same. 

The  wnr/iU  of  fkc  hfxbf  is  obvioiiHly  a  most  imjMiHant  factr)r  in  relation  to 
the  quantity  of  heat  pnxlitced,  especially  as  regards  the  weight  of  the  active 
tissues  in  relation  to  inactive  structures  such  as  bone^  sinew,  nnd  cartilnge. 
Two  animiiU  of  the  t^amc  weight  may  pnMlncc  very  dii^ircnt  quantiiies  of 
heat  i>er  diem,  other  things  b*-^iiig  e<|Ual.  Thus,  a  fleshy  animal  Khould 
naturally  be  expecte<l  to  prtnluce  more  heat  thiin  one  with  very  little  flcs^h  and 
an  abundance  of  fat,  which  is  an  inactive  hcat-prtHliicing  structui'e.  AVhile, 
therefore,  the  relation  of  heat-pi<KluL'tion  to  body-weight  does  not  seem  to  be 
definite,  yet  the  exp'riments  by  Keichert '  and  by  Carter^  indicate  that  heat- 
productiuu  bear*,  broadly  sjK'aking,  a  direct  relation  to  btxly-weight. 

Heat-production  is  greater  rtdativcly  in  homofhermotu  than  in  poikilother- 

*  The  fignres  by  On  (.V«c  York  Medical  Jonnuii-,  1889,  vol.  16.  p.  29)  and  I.ichatachew 
{DtM.  innu/juralls^  8t.  PetenburK.  1993;  quoted  in  Hernmotrt)  JahrttbcrkhU  <Ur  Fh^Hofo^u, 
1693,  S.  99)  were  obuinetl  by  meftns  of  a  water  cnlorimeter. 

»  rnim-sily  Mtdical  Mngtaine,  1890.  vol.  2,  p.  22A. 

'  Journal  c/  Nervous  and  Mental  DueateHj  1 890,  vol.  ]7,  p.  762. 
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vintix  animals  ;  it  viirios  luatcrially  iu  inU'iinity  in  tlifftreni  apec'ien,  c'fi}M^^;ia^y  in 
warm-bloodecl  animals;  and  it  la  closely  relatttl  to  tlie  intensity  of  respiration. 
Moreover,  it  is  prolmhle  that  cafh  species,  and  even  each  individual  of  the 
species,  lias  itfi  own  specific  tliermogcnic  tr>efficieul,  that  Is,  a  mesm  standanl  of 
heal-productinu  for  each  kilogrram  of  Ixxly-weight  or  for  each  square  oentime- 
ter  of  body-surface.  The  following:  figures  giving  the  heat-production  per 
kilogram  p^T  hour,  t'oinpiletl  l>y  Muiik/  are  of  inteivst  lx>th  as  reganls  species 
and  hize  and  weight  t>f  tlie  autinal  in  relation  to  heat-production : 


Horw 1.3  kUogmrD degrees. 

Mnn 1.6 

Child  (7  kilogrftina)  .    .  3.2  " 

Dog  (30  -       )  .    .  1.7 

Dog    {8         "       ).   .  3,8  " 

Ouiiieft-pig 7.6  " 


Duck 6.0  kilognimdegreefl. 

PiReon 10.1  « 

R«t 11.3  •* 

Mo«« 19.0 

Spurrow 35.5  " 

Gr*fenfineh 35.7  " 


These  figures  have  an  additional  interest  when  compared  with  the  respira- 
tor}' activity  of  difTcrcnt  s|>ecies  {p.  420).  The  intensity  of  respiration  has  a 
marked  ftignificaiRC  Iwith  in  connection  with  the  species  and  the  individual. 
The  larger  tlie  fjuantity  of  oxygen  con.suniecl  the  greater  relatively  18  the 
activity  of  oxidation  proi-esscs,  and,  consefjuenily,  the  more  active  i.s  hc4U-pro- 
duction  (see  p.  420),  Tlicrefore,  all  circumstances  winch  affect  respiratory 
activity  tend  to  affect  thernujgenosis.  The  intensity  of  respiratory  activity  and 
the  extent  of  Iwdy-surface  in  relation  to  body-weight  are  closely  related  (p, 
430). 

Inn-fat^ed  nctivUy  of  fhe  cireuia/lon  is  favorable  to  increased  heat-produc- 
tion, this  being  due  to  several  factors:  (1)  A  more  abundant  supply  of  blood 
may  be  acci>nipaniwlby  incrca-sctl  metaljolic  activity.  (2)  Increased  circulatory 
activity  is  favoral>Ie  to  increasotl  heat-diAsipatfon  by  causing  a  largor  supply 
of  blood  to  the  .skin,  thn.s  facilitating  loss  by  radiation  and  indirectly  tending  to 
increaiie  thermugenesis.  (3)  Increased  circulatory  activity  also  excites  the  respi- 
ratory movements  and  the  .secretion  of  sweat,  thus  increasing  heat-loss  and  in- 
directly favoring  heat-pro<luction.  (4)  The  more  active  the  circulation  the 
larger  the  ainoimt  of  liwit  produced  by  the  heart  and  the  movement  of  the 
blo*jd.  The  diurnal  flucttiatious  of  (he  puLse-ratc  are  said  to  be  more  or  lesa 
closely  relate<l  to  similar  changes  of  body  tem|>erature. 

A  rise  of  infernal  iempenUiwe  (bmly  temperature)  it?  favorable  to  increased 
metabolic  activity  (p.  432)  and,  therefore,  to  an  increase  of  hcat-pnxhiction  ; 
conversely,  a  fall  of  lK)dy  tcm|x'nitupe  tcnd.s  to  reduce  hcat-pro<lnction.  The 
influences  of  Ixnly  temjx'ratiire  are,  as  a  whole,  less  ini|K>rtiint  than  tliose  of 
external  t^'mpcniture. 

The  intiucnccs  of  fxtenial  tanperature  are  in  a  measure  different  upon  homo- 

thermous  and  |>oikilothermous  animals.     In  the  former,  heat-production  is  la 

inverse  relation  to  the  temjRTJture  of  the  surrounding  medium,  in*  that  the 

cooler  the  ambient  temperature  the  greater  the  hcut-production  ;  in  the  latter 

>  Phytiologie  de§  Mm»ehen  und  dtr  S&H^Mtrt,  1892,  8.  302. 
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heat-produotion  increases  with  an  increa*^  of  external  t(?rapeniture,  becaofle 
wilh  ihe  rise  of  tlie  latter  twxlily  teinpL'nitai*L'  iuerease^,  vvhidi  in  tnm  increases 
metabolic  activity  (pp-  432,  433).  Consequently,  in  warm-blooded  animals  heat- 
prodtictitni  If*  cheater  in  cold  climates  and  seasons  than  in  the  <»ppositc  tx^nditions, 
while  in  c<)kl-l)l<)(Kk'd  animals  (he  opposite  is  the  eai?e.  Cold  applied  to  the  skin 
increases  heat^prtxluction  by  reflexly  exciting  muscular  activity  (nhivering,  etc, 
p.  433) ;  moderate  heat  exerts  tfie  opposite  infiuetice  unless  the  bodily  tem- 
perature is  aftectOLl,  us  shown  by  the  i-esuJts  of  studies  of  i-espiration  (p.  433). 

The  character  of  the  food  is  important.    Daiiilewpky'  has  estimated  that  th« 
followiDg  quantities  of  heat  are  produced  under  different  diets,  etc. : 

On  a  iNininiujij  tiiet 180U  kilogramdegrees. 

On  a  retJiiced  diet  (absoltite  rest) ]9S9  *' 

On  n  iion*nitrogeD(.)titi  diet 24H0  " 

On  a  niix»)  diet  Iniodernle  work) .S210  ** 

On  an  atiundanl  diet  (hard  work) 3646  " 

On  an  abkindaiit  diet  (very  laborious  work) 3780  " 

The  influence  i>f  the  quantity  and  quality  of  the  diet  must  he  potent  when 
it  is  rememhored  that  1  ^ram  of  pniteid  yields  about  4100  calories,  1  gram  of 
fat  about  9312  calarieSj  and  1  gram  of  carbohydrate  about  4116  calories.  In 
cold  climates  fats  enter  very  largely  into  the  diet  because  of  the  greater  loss 
of  heat  and  the  consequent  increased  dcniaml  for  licnt-pro4hu'ing  substances. 

During  the  peritufn  of  d'tiji'Mioti  more  heat  is  prmluced  than  during  the  in- 
tervals, this  inci'ease  lK'in«r  due  chiefly  t«)  the  inn.scidar  activity  of  the  intestinal 
walls  (p.  431).  Ijanglois'  exjx.'riments  indiimte  that  during  digestion  heat- 
production  may  l)e  increase<l  35  to  45  per  cent. 

It  is  said  that  heat-productton  unilergoes  diurnal  variations  which  corre- 
spond with  the  fluctuations  of  iMxlily  tcniiKTutnrc,  but  this  is  dotibtful. 

All  strncluiv.s  province  more  heat  during  aetiviiij  than  during  rest.  Heat- 
prrKluctiou  has  been  estimatctl  to  Ih:  fnim  Iwo  and  a  Ijalf  to  three  times  greater 
when  awake  and  resting  than  when  asleep,  and  from  one  and  a  half  to  three 
times  more  when  active  than  when  at  rest,  in  pr*jportion  to  the  degree  of 
activity.  During  hybernation  the  absorption  of  O  tails  considerably  (p.  434), 
consequently  heat-production  is  believed  to  det:line  to  a  like  degree. 

All  conditions  which  alFcct  hait-^Vutalpaiiijn  (p.  4JU)  tmd  indirectly  to 
influence  heat-prfKhiction. 

The  most  important  t»f  the  factors  inflnent*ini:  hcat-prodin'tion  is  the  ner- 
vous }iux*kani^m  whicli  contruin  the  hcat-[)roducing  processes  (p.  490). 

Various  druga  exert  more  or  less  potent  infiucncesdirectly  or  indirectly  upon 
heat-pnjductiou.  Cocain,  strychnin,  brucin,  and  other  luctor  excitants  increase 
heat-pro<luction  ;  wiiile  chlorotorm,  most  antipyreticp,  narcotics  generally^  bro- 
mides, and  motor  depressants  decrease  heat-production. 

Heat-pro<luction  is  diniinishetl  in  most  forms  of  anaemia,  after  severe  hem- 
orrhage, and  in  most  non-febrile  adynamic  conditions.  It  is  usually  increased 
in  fevers,  e'specially  so  in  iufectlous  feveiia.     According  to  Liel>ermeister,  the 

I  Fjfugef't  ArtJiivfSr  Phymolo^it,  1S83,  Bd.  xu.  S.  190. 
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increase  in  fever  is  probably  about  6  per  cent  for  each  increase  of  1**  C.  of 
bodily  temperature,  &o  that  wore  the  increase  of  temperature  3°  C.  the  increase 
of  heat-production  would  be  18  per  cent. 

Conditions  affecting^  Heat-diBeipation, — The  loss  of  heat  from  Uie  lK)dy 
occurs  ihrodgh  several  clianiicis — in  the  urine,  feces,  sweat,  and  expiretl  air, 
and  by  radiation  and  conduction  from  the  skin;  hence,  all  cunditiuns  which 
affect  the  loss  of  heat  in  the  above  ways  must  iuftuetioe  heat-dissi[)ation.  The 
chief  of  thesie  are:  Age,  sex,  species,  the  fpiautity  of  subcutaneous  fat,  the 
nature  of  the  surrounding  medium,  clothing,  internal  and  external  tempera- 
ture, activity  of  heat-production,  Ixxly-surface,  the  condition  of  the  circulation, 
respiration,  sweat,  activity,  radiating  coefficient,  nervous  infiuences,  drugs,  and 
abuurmul  ccmditions. 

The  iiirtucncc  of  ntjv  is  shown  by  the  fact  that  the  young  dissipate  and 
pnxluce  more  heat  in  pniportlon  to  hody-woight  tliun  tlie  a4ltilt,  this  being  due 
chiefly  to  the  relatively  j;rcator  metabolic  activitv  and  tlif  lai^T  pn>pf»rtiimal 
body-surface  (p.  4'iO),  unti  consi'qucnt  grcati'r  mdijilinn,  in  tho  ynnnjj. 

Sex  per  se  does  not  si*cm  to  exert  any  influence,  although  tlic  adult  human 
female,  weight  for  weight  and  for  an  cfjuivalent  bodily  surface,  prolwibly  dissi- 
pate>i  less  heat  tfjan  the  male,  bocau-^e  of  her  relative  abundance  of  subcn- 
tanetms  fat,  which  hinders  heat-dissipation.  No  differeuoe  bo  far  as  sex  is 
concernetl  has  been  noted  in  the  lower  anintals. 

Heat-di*»ipation  varies  greatly  in  different  X|>^<wVjr,  owing  chiefly  to  relative 
size  and  respiratory  activity,  to  the  nature  of  the  medium  in  which  the  animal 
lives,  and  to  the  character  of  the  Ixxly-covenug.  Heat-tliasii)ation  is  nmre 
active  in  homothenuons  animals  than  in  poikilotlicrmous  animals,  because  of 
the  greater  activity  in  the  former  of  hejit-prtnliirfion.  In  amphibia  heat-dissi- 
pation is  greater  when  the  animal  is  in  the  water  than  when  exptjset]  to  \\w  air 
if  iHith  water  and  air  l)e  of  the  saint:^  tom|)eraturc,  Uf^iise  Avalcr  is  a  lK.'tter 
conductor  of  heat  and  coii.se<juent]y  withdraws  heal  from  the  UhIv  more 
rapidly.  The  higher  the  temj-wrature  of  the  surroundings  the  higher  the 
bodily  tcniiRM-atutv  of  cold-bltXHlctl  animals,  conserjuenlly  the  gi*eatcr  are  heat- 
produclion  and  heat-dtssipation,  In  warm-bhjoded  animals  the  effect  on  both 
heat-production  and  heat-dissi{>ation  is  in  inverse  relation  to  the  surrounding 
tcmiK'raturc  (unlcAs  the  luKlily  (cmiK'rature  is  affec»tetl),  external  heat  decreasing 
both  heat-dissipation  and  heat-production,  and  internal  heat  increasing  both. 

RubvtUuneouH  fai  is  a  |KX)r  conductor  of  heat,  consequently  the  greater  the 
abundance  of  it  the  greater  the  hindrance  offered  to  the  dissipation  of  heat. 
The  value  of  fat  in  this  respect  is  illustrate*!  in  water-fowls,  which,  as  a  rule, 
are  far  more  abnndaniiy  supplied  with  fat  than  other  species;  and  by  the  ex- 
ceptional abundance  of  subcutaneous  fat  in  sfiecies  of  fowl  which  inhabit  very 
cold  waters.  Bathing  the  skin  with  gn^se  hinders  radiation,  and  is  ndo[)ted 
by  swimmers  both  to  conserve  the  bodily  heat  and  to  protect  the  skin. 

When  air  and  water  are  of  the  same  tempa'aiure^  heat-dissipation  l*  greater 
when  the  animal  is  exposed  to  the  water,  because  the  latter  is  a  better  con- 
ductor.    Heat-luas  is  greater  in  dry  than  in  moibt  air,  other  things  being 
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equal,  because  in  the  former  the  eva[>oration  of  sw«it  from  the  IxkIv  and  the 
loss  of  water  from  the  lungs  are  favoreil,  the  vnjHjriztUiuu  of  water  affecting 
heat-<lissipation  more  deculedly  than  tlie  nioiHtiire  of  tlie  air.  Heat-<Us8i]>ation 
]9  more  active  in  cold  moist  air  than  in  cold  dry  air.  Cold  air  id  not  favomble 
to  the  va|K)rizat]ou  of  water,  whereas  cold  moist  air  \\bs^  a  higher  specific  heat 
than  the  dry  air,  aiul  thus  tends  to  carry  off  hetit  more  rapidly. 

The  character  of  tlie  corenn<j  of  ihc  htuhj  is  uf  great  importance.  Thi* 
is  illustrated  in  the  changes  which  orx^ur  in  the  natural  covering  of  animals 
during  warm  and  cold  seanons,  and  in  tlie  chanuiers  m^  the  fur  of  s[)ecies 
which  inhabit  very  cold  or  very  warm  climatt^.  During  the  winter  the  fur 
is  longer  and  thicker  than  during  the  summer.  Animals  living  in  cold  or  hot 
cliniatt'S  ntv  supplitMl  with  a  n-lalivcly  gifatcr  or  less  aiiundance  of  fur  or 
feathers  and  *aL)cutaneous  fat.  Man  provides  for  changes  of  the  sea^onb  by 
mtxlifying  the  quantity  and  quality  of  his  clothing.  In  the  adaptation  of 
dress  to  climate,  the  conductivity,  radiating  cotflicieut,  hygroscopic  capnolly, 
porosity,  weight,  and  color  of  the  clothing  are  Jmitoiiant  factors.  The  pa(»rcst 
conductofri,  otlicr  things  being  equal,  make  the  warmest  clothing;  fur  and 
wool  are  poor  conductors  and  theretbre  are  adapted  e«j>ecially  for  cold  seafious 
and  climalcBj  while  cottnu  and  linen  are  gtuHl  condiiclors  and  therelbre  make 
Cool  clothing.  The  railiating  eoettieient  dejH'ndH  upon  tlie  condutiivity  of  the 
material  and  the  character  of  the  radiating  surface.  The  coarser  the  material 
the  betler  the  nidiating  siirfac*'.  hence  the  hotter  the  ronducior  and  the  co<->ler 
the  clothins]:.  The  hygroscopic  elinriK'ter  of  the  clotliing  is  of  far  more 
importance  than  is  geuenilly  believed.  Articles  of  clothing  having  a  large 
capacity  ibr  absorbing  and  retaining  moisture  are,  other  tliiiiiis  lM.'ir»g  equal, 
of  more  value,  cs|K*cially  for  underwear,  than  those  jH>sttc>teing  the  opposite 
quality.  Wm)Ilen  good:*  compaivd  with  tlii>se  made  of  cotton  not  oidy  have 
a  fur  greater  absorptive  capacity  but  i-etiiin  unji^tui^  for  a  longer  time.  When 
the  ilotliing  is  of  woo!  p<'ople  are  le^^s  apt  to  catch  cold  from  exptisurc  to 
draughts  and  sudd^'u  ecthl  tlmn  when  it  is  of  linen  or  cotton,  the  wim)]  pre- 
venting a  too  nipid  evaporation  of  moisture,  thus  guarding  against  chilling. 
Porosity  is  a  roiiiparatively  subsidiary  factor.  The  greater  the  weight  of  the 
clothing,  other  things  l»fing  equal,  thi*  more  is  heat-dissijwititjti  himlered.  The 
color  of  the  outer  apparel  has  a  certain  influence  owing  to  the  relative  heat- 
abeorbing  t-apacities,  black  clotliiug  beintr  wanner  than  white,  etc.,  hence  the 
general  use  of  white  or  light-colored  clothing  in  warm  elitnates  and  seasons. 

A  rise  of  iiUernal  tempeniture  (bodily  tcmpemlurc)  is  favorable  to  an  in- 
crease of  heat-dissipation,  for  several  reasons:  (Ij  Heal-iJntdnetion  ten<ls  to 
be  increa**e<l  and  thus  cau.se  an  effort  of  the  system  to  get  rid  of  the  excess  of 
heat.  (2)  The  activity  of  the  circulation  is  increaseil,  causing  a  larger  amount 
of  blood  to  be  brought  to  the  cutaneous  !^urfai'e  where  it  is  subjected  to  the 
influemx?  of  the  cooler  surroundings.  (3)  Respiratory  movement??  are  increased 
so  that  heat-dissipaimn  U  favore<l  by  the  larger  amount  of  air  respired  and 
larger  amount  of  moisture  carried  off.  (4)  The  temperaturo  of  the  body  is 
higher  in  relation  to  that  of  the  8un*ouDdiDgs  and   thus  heat-dissipation  by 
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TH*liation  and  conduction  is  fa<ilitato<I.  The  influences  of  external  tempera- 
ture are  even  more  potent  in  their  effects  than  those  of  internal  temperature, 
ehiefly  l>eean.se  of  the  nuieh  wider  ranpe  <»f  trmpf>ratiire  to  which  the  orpranism 
is  subjecteiK  Btxlily  temperature  muler  ortlinary  eiaumhtances  does  not  vary 
more  than  1°  to  2^  C  during  the  twenty-four  hours,  but  external  temj)erature 
n»ay  vary  as  much  as  4fi°  <  \,  f>r  more,  hlrfrnuif  hral  temls  by  exciting^  cuta- 
neous nerves  to  rcflcxiy  diminish  lieat-prmhiction  ami  thus  indirectly  dimin- 
ish heat-<lis6i]Mition  ;  but  this  is  to  some  extent  antagonized  by  a  dilatation  of 
the  blood-vessels  itf  tfie  >k(n,  an  excitation  of  re>piratit»n,  and  increase  in  ilie 
quantity  of  sweat,  all  i>f  wiiieh  (end  to  increase  heat-dls:^ipation,  but  which 
are  unable  to  balance  the  opjx/site  effects.  Co/</,  on  the  other  hand,  accelerates 
both  heat-dis>iij>atinn  and  lu^tt-proihiction.  The  loss  of  heat  from  the  UxJy 
is  increastNl  Ui-an-e  4if  the  gri*ater  diflVrem-e  in  ttie  lemjM-ratnri'fi  of  the  body 
and  the  sntmunditii^s ;  but,  on  the  otlier  haiul,  the  cutaneous  vessels  are  con- 
tracted, the  circulation  is  less  active,  and  the  quantity  of  sweat  is  lessened,  all 
of  which  are  unlavonible  to  heatnlissipation.  Yet  while  these  latter  altera- 
tions tend  to  diaiiuisli  hciil-loss,  they  are  not  suflicient  to  conij>ensate  for  the 
increased  expenditure  by  radiation  and  for  the  greater  loss  by  respiration. 

Circumstances  which  increanc  hcat-pvothniiou  alcove  the  normal  tend  indi- 
rectly to  incrctis*?  hcatHliNsijKition.  Other  thinjrs  lieing  e<pial,  the  grfnter  the 
quantity  of  heat  produced  the  greater  the  llettt-dis^i()ation,  unless  the  bodily 
temperature  \n^  below  the  nornud,  in  which  case  hcat-pnxlurtiou  may  be  in- 
crease<l  and  yd  heat-dissifKUion  r*enia(n  unaffected,  or  even  l»e  diminished,  until 
sufficient  heat  has  accumuluti.Hl  to  bring  the  bodily  tempernlure  up  to  the 
mean  staudanl. 

The  larger  llie  intrftwc  of  tht^  body  ex(>ose<l  to  the  normally  cooler  sur- 
roundings, the  gi'cater  is  the  loss  of  heat.  The  larger  the  animal  the  greater  the 
body-surface,  and  thcix-fore  the  gi*ejiter  is  heat-di.ssipntion  ;  but  in  proportion 
to  body-weight  snuiller  animals  have  larger  btMjy-surfaces,  therefore  heat-dissi- 
pation is  vflativdy  greater,  although  not  absolulcly  so  (see  p.  4'jO).  The  area 
of  body-surface  involvetl  in  heat-dissipation  is  affecteil  by  the  pjsitiou  of  the 
individual.  Thus,  by  bringing  the  arms  and  leg>  in  contact  with  the  IkxIv 
the  total  surface  ex|>ose<l  is  lessened.  On  the  other  han<l,  animals  whieh 
habitually  have  their  legs  in  apposition  with  the  tnmk  have  their  radiating 
surfaces  increased  when  their  legs  arc  extende»l.  For  instance^  in  the  rabbit 
extension  of  the  legs  enormously  increases  heat-dissipatiou,  so  that  the  bodily 
temperature  is  profoundly  affected. 

The  eonrlition  of  the  rnHentnr  j^ytdrm  exercises  nn  imp>rtant  influence. 
Circumstances  that  excite  the  circulation  aflwt  heatHlissi|>ation  both  directly 
and  indirectly.  Thus,  heat-loss  is  directly  increased  by  the  excitation  of  the 
respiratory  movements,  by  the  increast^i  secretion  of  sweat,  and  by  the  larger 
supply  and  increased  tem|)eniture  of  the  blocHi  to  the  skin.  Increasecl  activity 
of  the  circulation  also  incrcast^  heat-pHKluction,  and  thus  indirectly  affects  heat- 
dissi])ation.     Opposite  conditions,  of  course,  lessen  heat-dissipation. 

The  larger  the  quantity  of  air  rwrpiVrc/,  other  things  being  equal,  the  larger 
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the  Io6S  of  heat  by  tliis  channel.     The  licat-Ioss  ocelli's  both  in  warming  the 

air  and  in  the  ovnpnralioii  of  wjitcr  from  the  JungH,  8f>  that  the  »XK)lt'r  ami 
drier  tlie  air  inspiivd  ihc  larger  relatively  is  thu  hc-at-losa.  The  irujwrtance 
of  respiralioii  as  a  lieat-tlissipating  factor  is  il]iistrate<l  by  the  fact  that  about 
10.7  per  CQWX.  of  tlje  total  lieat-tlisaipation  (x-^nirs  in  this  way  (see  p.  477). 

Next  in  importance  to  railiatlon  in  the  amount  of  xpntcr  evaporated  from 
Hie  skin.  Each  ^raiii  of  watrr  n-qiiires  582  calorics  to  vaporize  it,  and  it  is 
estimated  (p.  477)  that  364,120  calorics  are  dissipated  in  this  way,  or  14.6 
per  cent,  of  tlie  total  heat-di.sbipation.  An  increase  of  external  tem|>erature 
inci-eases  the  irritability  of  the  sudoriparous  glands,  thus  favoring  secretion  and 
heat-dissipation.  The  value  of  sweat,  however,  as  a  means  of  carrying  off 
heat,  is  materially  affee ttMl  by  the  temperature  of  tlie  air  as  well  as  by  the 
amount  of  luoisture  present.  Tiie  higher  the  temj>erature  and  the  less  the 
moisture  the  more  rapidly  evaporation  occurs,  and  consequently  the  greater 
the  h^ss  of  heat ;  when  air  in  moist  iin<l  of  Iiigh  temfvenitiire  evaporation  takes 
place  relatively  slowly,  if  at  all,  Tlterefure,  individuals;  can  withstand  sub- 
jection to  dry  air  of  a  higher  temperature  and  for  a  longer  period  than  when 
the  atmosphere  is  moist.  In  the  former  case  sweat  is  nipidiy  secreted  and 
vajiorized,  and  thus  a  marked  rise  of  luteriial  lA.nii|x:ratui"e  may  be  prevented. 
James  found  that  a  vapor  bath  at  44. 5*^  C.  (112^  F.)  was  insufierable,  while 
dry  air  at  80°  C.  (176°  F.)  amsod  little  inconvenience.  When  air  is  of  high 
temperature  and  loaded  witli  moi.^ture  we  say  that  it  is  "suhry,"  but  dry  air 
of  the  same  temix'ritiire  Ls  not  unplettsunt. 

Muficufar  activUi/  increases  heat-production,  excites  the  circulation  and 
respiration,  and  increa'*e.s  the  secretion  of  sweat,  all  of  which  directly  or  indi- 
rectly increase  heat-tiissifwitioti. 

The  anrface  v/  tfie  boiftf  as  a  mdintinjr  surface  cannot  be  regarded  in  the 
same  light  jls  an  indilTcTtnt,  inanimate  surface,  such  as  metal  or  wood.  The 
covficiciit  of  radlntion  {thii  4^iiantity  oC  heat  emitted  during  a  utiit  of  time  at  a 
st^mhuxl  teniiiemture  from  a  given  area)  in  an  inanimate  body  remains  fixal, 
because  the  surface  itself  is  virtually  unchangeable;  but  the  coefficient  for  tlie 
living  organism  is  subject  to  material  alterations.  Those  alterations  de{>end 
chiefly  (1)  upon  the  actions  of  the  pilo-motor  mechanism  wliereby  the  relation 
of  the  natural  covering  (hair  or  feathers  in  the  lower  animals)  of  the  Ixxly  to 
the  skin  is  effected  ;  (2)  uj>on  changes  in  the  conductivity  of  the  skin  owing  to 
variations  of  the  bloixl-supply  ;  (3)  upon  tlie  varying  thickness  of  the  skin  in 
different  species,  in  different  individuals,  and  in  dttferent  i^arta  of  the  body; 
(4)  upon  the  temperature  of  the  surroundings;  (5)  upon  the  extent  of  the 
biKly-surfaco  exposal ;  (ti)  upon  the  clianu'ter  of  the  clothing.  When  the 
arrector  pili  muscles  contract  the  skin  is  made  tense  and  the  cutaneous  blood- 
vessels are  pressed  ujxtn  and  renderetl  aufemic,  thus  lessening  the  quantity'  of 
fluid  in  the  skin  and  as  a  consequents  lowering  the  coefficient  of  di»>i|>ation  ; 
moreover,  in  animals  whose  natural  covering  is  fur  or  feathers,  these  tibres 
cause  an  erection  of  one  or  the  otiier,  as  the  case  may  be,  and  in  this  wav 
affect   the  radiating  coefficient.     The  coefficient  is  enormously  increjised  by 
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removing  the  natural  covering,  such  as  the  fur  of  the  rabbit,  under  which  cir- 
cumstances, even  though  tlie  animal  l)e  subjected  to  a  relalively  \\\^\\  external 
lemperature,  heat-dis^iipation  is  so  enormously  increased  that  death  endues  within 
two  or  three  days.  Wlien  one  side  of  the  Ixxly  of  a  hor^  wa.-^  shaved  and  the 
animal  subjected  to  an  alm(«pliere  having  a  temperature  of  0°  C,  the  tcm- 
penitiire  of  the  skin  of  tlu'  shaven  ^ide  fell  8°  in  forty  minutes,  while  the 
temperature  of  the  unshaven  side  ft-ll  only  0.5°. 

The  coefficient  is  diminished  where  there  is  excessive  sebaceous  secretion, 
and  where  grease  is  artifieially  applied,  and  by  an  aecunudation  of  8ubcutane<ju3 
fat;  it  is  increased  by  wettint;  the  skin,  us  by  sweat  or  bathing;  aud  it  is 
affected  by  many  other  tiix-umstances. 

ThiMiigh  the  t^jK^nitions  of  the  ncrrnm  Hynlevi  heat-dissipation  may  !>e 
af!e<^ted  diix'ctly  or  itidirectly  by  acti(>n  ujK>n  the  h^'ui-dlssipating  aud  heat- 
producing  processes* — circulation,  respiration,  sndoritic  and  sebaceous  glands, 
and  arrector  pili  muselcst. 

There  are  many  ffruf/H  vvhic-li  directly  or  indirectly  affect  heat-dissi|>ation. 
Drugs  which  cause  dilatation  of  the  ciitiineous  vessels  tend  to  increase  heat- 
dis^ijjation  ;  conversely,  those  which  cause  contraction  of  the  blood-vessels 
hinder  dissi|mti()iK  Diaphoretics  increase  heat-loss  essentially  l)y  increasing 
the  amount  of  sweat.  R**spiratory  excitants  increase  the  loss  of  heat  by  meaus 
of  the  increjise<l  volume  of  air  respired.  Drugs  which  increase  heat-production 
tend  to  indirectly  incrt»ase  hcat-<lissijiation. 

All  pafholoffkfil  siafcs -\\\uvh  affect  htait-productiou  tend  to  similarly  disturb 
heat-dissipation.  Conditions  of  umlnutntion  favor  heat-dissipation  by  causing 
a  lose  of  sulK.'utanef»us  fat,  but  this  i:^  in  a  jin-jitcr  ^ir  less  extent  compensated 
for  by  the  <iufLn.'blerncnt  of  the  circulation,  respiration,  aud  metabolic  processes 
in  general.  In  /eecr,  both  heat-prcKlnction  and  lieat-dissijKttL<m  are  generally 
increased,  the  former  l>ciug  affectetl  more  thaji  the  latter,  S4j  that  the  bodily 
lempeniture  rises.  In  sumc  furnis  of  fever  the  ris«.'  of  teni|>emture  is  essentially 
due  to  dimiuished  heat-dissipation. 

D.  The  Heat-mbghanism. 

The  heat^mechanism  consists  of  two  fundamental  parts,  one  Ix^ing  concerned 
in  heat-product  ion,  aud  the  other  i  u  heat-d  issi  |)at  it  i n .  Heat-pnxl  action  is 
briefly  c'Xpresswl  as  Mrrw*r/ri4«rw;  aud  heat-<l  issi  pat  ion,  a.i  thtrmolyHU,  The 
o|>erationM  ofthe.se  mwlianisms  are  so  intimately  rclatt^l  tiiat  tliictuations  in  the 
activity  of  one  are  rapidly  compensated  for  by  reciprocal  changes  in  the  other, 
•io  that  undor  normal  conditions  heat-production  and  heat-dissipation  so  nearly 
l)alance  that  the  mean  l>odily  tem[>erature  is  maintained  within  narrow  limits. 

The  regulation  of  the  relations  Ijctween  heal-]>roihu'tion  and  heatnlissipation 
is  termed  Utennotttxift^  wideh  regulation  may  be  effected  by  alterations  in  either 
thermt^'nesis  or  thermolysis. 

The  Mechanism  conoemed  in  Tfaermogeneais. — The  |K>rtion  of  the  heat- 
mechanism  Concerned  in  heat-[>r(Kluctiou  consists  of  (1)  thermogenic  tiasuea, 
(2)  thermogenic  nervee,  and  (3)  thermogenic  centres. 
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The  Tkermofftnic  Tiftmcfi. — Almost  if  not  every  tissue  of  the  body  may  l*e 
^ep;a^(l<^l  as  being  a  lunit-pnMlurinL;  stni<*tiire.  The  very  fact  that  oxidative 
protvsses  lie  at  ilie  hutloni  of  all  lornis  of  viial  activity,  and  that  heat-produc- 
tion 18  a  coneoiiiitatit  of  oxidation,  leads  inevilaljjy  to  the  eoneliLsion  that  as 
long  as  cells  iK>sse.s.s  Hfe  tliey  rjiiist  jn*(K]uce  heat.  Tliere  are,  however,  certain 
of  the  bodily  stnictui-es,  ospocially  the  skeletal  mus<](^  and  the  g!and.«,  which 
are  exa'ptionally  aetis'e  as  lu'at-pn^dlu^ers.  Indm-d,  in  tiie  case  of  the  skeletal 
nius<;Ies  the  lieatrproducing  processes  are  jf  such  a  eiiaructcr  as  to  jnstifv  the 
belief  that  with  them  tlierijn (genesis  is  a  specific  function,  Ijecause  lieal  is  pro- 
ducetl  not  jnerely  as  an  iniiilcntal  prwlnct  of  activity  hut  as  a  spe<;iHc  pro<luct. 
When  u  muscle  contracts,  heat  is  evolvixl  as  an  incident  of  the  performance  of 
work^  and  when  it  is  at  rest  hent  is  priwlured  ni>t  only  as  nn  inrldejit  of  growtli 
and  repair  hut  as  the  result  of  a  speeilic  act.  This  latter  is  proved  by  ti»e  fact 
that  when  the  muscles  have  been  in  a  state  of  proloiige<l  rest,  when  the  cherai- 
i*:d  eluinps  (Mttieerncd  in  growth  and  in  repair  of  waste  are  jmictieally  inactive, 
heat-pnxhiftion  continues  to  a  marked  degree.  Moreover,  tl»c  quantity  -which 
is  pnwhiced  varies  with  the  imnutliatc  needs  of  the  economy  and  beai^  a 
r«'<'ipi*oeid  relati<Hishi]>  to  tlu*  (jnantity  of  hcjit  formed  in  otIuT  structures,* 
anil  is  n-gn!atcd  ajtpan-ntly  by  speciHc  nerve-centres, 

Wlien  the  nniseles  are  conti-aeting  less  than  one-fiftli  <'f  the  energy  ap]>eArs 
an  worky  and  more  than  four-fifths  as  heat.  The  contractions  of  the  heart  also 
furnish  an  ap|>ixrial>le  pent'iitagc  of  heat  vls  an  nce^unjuinirnent  of  contraction  ; 
and  coHMileralile  heat  i«  formed  indirectly  by  the  rcsi>^tance  offered  by  the 
the  blood-vea«el  walls  to  the  blomi  rurrenl.  Indeed,  the  entire  work  of  tlie 
hcjirt  beconii's  f'onvert*^!  inte»  heat,  representing  approximately  5  to  10  per 
cent,  of  the  total  licut  pn)ductii»n.  Tiie  quantity  furmcd  as  by-priMlnctfl  of 
the  activity  of  various  structures  during  a  state  of  muscuhir  quiot  is  doubtless 
small  cnuipared  with  the  quantity  pnnhiecd  liv  the  muscles. 

Thf  ThrrmoffniU*  Ni't'vrn  iinti  f/enffpjt. — Hcat-pniducti^in  niayj^ccur  indejwnd- 
ently  of,  but  under  normal  circutustatRvs  it  is  regnlaled  liy,  llie  nervous  system. 
A  muscle  sepjiraled  from  all  nervous  influences  continues  to  proihiceiieat,  but  ctui- 
siderably  less  than  1>pfore,  and  it  cra.ses  to  respond  to  the  demiuids  of  the  svstem 
for  more  or  W^  heat  as  do  nniseli^  with  iheir  nerves  intact.  Injuries  to  <vrtain 
parts  of  the  cerebro-spinal  axis  affect  heat-prtHlnction  in  muscles,  in  some  in- 
stancies causing  an  incrini.s+'and  in  others  adt^'rease;  but  these  changes  do  not  occur 
if.  the  tiervous  communication  between  the  centres  and  muscles  is  destroyed. 

Tliainogenic  Neivvt*. — Specific  thermogenic  nerve-fibres  have  not  as  yet 
been  isolated,  although  the  researches  of  Kemp,-  lieichert,""  Si'luiltz,*  and 
others  indicate  that  such  fibrcn  exist  In  tin-  skeletal  muscles  probably 
three  independent  kinds  of  processes  go  on  which  prwluce  he^it,  one  subser- 
vient to  the  contractions  of  the  muscles,  as  observed  in   locomotion,  etc  ; 

*  Itiiliiier :  SiUunfjubtTicMf  d.  kUnuji.  Bayer.  Akad.  der  Wuaetuchaji,  18So,  Heft  4. 

*  Th^rnik-vtie  Gas^tte^  1880,  p.  155. 
>  IhUl,  1891,  p.  151. 

*  Schtiltxe:  Arrhiv  fUr  rrptrimfnUlU  Pathologie  wnd  PftarmnJtohgif^  1899,  Bd.  43,  S.  198. 
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UDuther  in  the  form  of  ci>ntniction  known  as  shivering;  and  a  thinl,  giving 
rise  to  heat  as  the  only  inijMjrtiint  phononionon.  The  htuit  prtnlnced  by 
mnsolos  in  onlinarv  ar  general  innsi'iilar  m^ts  and  in  repair  and  ijpowfh  is  a 
mere  ineitlent  to  activity;  hut  tlit;  heat  ari^iing  Jiiring  t^hiveriiig  is  niuloubt- 
e<lly  a  gjwciHc  pniduct — /.  e.^  the  object  of  the  shivering  is  a  prudnotiou  of 
heat  (see  p.  433).  If  tlu*  iierve-Hbres  whirh  oniivey  the  impulse*!  that  cause 
shivering  Im*  (tnlinarv  inutor  libri's,  then  thcsi*  lihres  are  not  on  I  v  motor  tibros> 
but  8|Keitie  thermogenic  (ibrcs  in  so  far  U8  they  are  connected  with  hcat^ 
pnHliiction  by  this  art.  Tlure  are  also,  ap|»:irently,  fibres  which  are  entirely 
distiiii't  from  the  motor  fibn^s,  and  which  convey  impulses  that  give  rise  to 
hcnt-pn>ductirm  as  a  specific  product,  and  even  in  the  entire  al)sentH»  of  motor 
phenomena.  Thus,  in  a  cunirized  animal  in  which  all  motor  activity  of  the 
fikelctnl  mnscIcH  is  alx>li.s}io(l,  an  enormous  incn^ise  of  heat-production  nmy 
occur  (Itt'ii'hert)  which  cannot  siitfsfacltirily  be  explained  in  any  other  way 
than  by  assuming  the  existence  of  such  specific  thermogenic  fibren.  Our 
informatitm  at  present  is,  however,  so  limite<l  that  we  can  do  sciircely  more 
than  speculate. 

Our  knowledge  of  the  character  of  the  afferent  filires  which  carry  impulses 
that  rt'flexly  affect  thermogcncsis  Is  very  uusiUisfactory.  There  can  be  no 
doubt  that  sensor}'  impul-y's  arise  in  various  parts  4>f  the  orgnuisnijcsiwcially  in 
the  skin,  which  exercise  im|)ortant  inflnencew  n|H.M  the  heat-producing  pro- 
cesses. Thus,  cooliiiLT  the  skin  reflexly  excites  i»rat-pnMbicliun,  which  caimot 
be  attributed  to  indirect  infiuemvs  ujhui  other  functitms,  but  wlietlicr  or  not 
there  exist  sptvific  aflert*ni  ihermogenic  fibres  Is  not  known.  It  is  jM)ssible  that 
the  temperalure  nerves  of  the  skin,  tlm  cold  and  the  heat  nerves,  may  be 
resptmsibh^  for  reflex  excitation  or  depression  of  heat-proiiuction. 

Thf  Thermitgnur  thiht'Jt. — The  existence  of  s|)ecific  thermogenic  centres  has 
for  many  yetirs  been  <'on<xtIetl,  but  it  has  only  lieen  recently  that  hypothesis 
has  given  phK-e  in  fact,  Tlic  fnost  im|V)rtant  wsults  of  recent  research  may  be 
generalizcil  as  follows:  (1 )  Tltat  the  irrilatiou  of  the  skin  by  heat  or  cold  is 
followed  by  marked  changes  in  thermogenesis,  which  efl'ects  are  to  a  certain 
extent  eiitirelv  iri<1e|>eudent  of  vasomotor  and  (tlher  incidental  ctianges,  and 
which,  therefore,  aiv  due  in  part  to  an  increase  iti'  heat-producli(»n  dc|XMulcnt 
directly  upon  efferetit  therm!>genic  impulses.  (2)  That  injury  or  exdtation  of 
certain  |^irts  of  tfic  brain  is  followefl  by  an  increase  of  heat-profiuction.  (3) 
That  injury  or  exciialiou  of  certain  other  |»arts  of  the  braiu  is  followed  by 
diminished  heat-pnxluction,  (4)  That  injury  of  the  spinal  eonl  may  be  fol- 
lowed by  an  increase  or  decrease  of  heat-pro<iuction  which  cannot  be  entirely 
accounted  for  by  vaso-motor  and  other  attendant  alterations.  (5)  That  after 
o{)erations  ujwn  certain  |)arts  of  the  oerebro-spinal  axis  there  follows  an  inon'osc 
or  decrease  in  the  quantity  of  CO^  formed,  indicating  a  correspimdingelTect  on 
the  heat-prodncitig  prwesses. 

The  results  of  recent  calorimetric  work  show  that  there  are  definite  regions 
of  the  cerebro-spinal  axis  which  are  apparently  specifically  concemetl  in  ther- 
mc^enesis;  that  the  effects  of  excitation  or  destruction  of  each  region  are  more 
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or  lc?sB  characteristic ;  and  that  the  different  n^ions  seem  to  be  so  intimately 
related  to  one  anotlier  tos  to  constitute  a  co-oi-dfnate  mechanism.  Certain  of  these 
regions  when  irritateil  give  rise,  as  a  direct  result,  to  iucreased  ihermogenesia, 
hence  they  are  of  the  nature  of  thervxo-accderaior  centre?^;  and  others  to 
diminished  thermogenesiy,  hence  are  ihermo-inhibitotry  centres.  Both  kinds  of 
centres  seem  to  \y^  uj^sociated  with  and  to  govern  a  third  kind  which  is  diV 
tinguisiied  as  X\\q  general  or  anfomatic  thermogenic  centres.  The  mechanism 
may  be  theoretically  expressed  in  this  ibrm:  The  general  thermogenic  centres 
may  be  reganlod  jls  mnintuining  by  viitiie  of  independent  activity  a  fairly  con- 
stant standard  of  thermogenesis,  and  a.s  being  influenced  to  increased  activity  by 
the  tliermo-accelerator  centres  and  to  diminished  activity  by  the  thermo-inhib- 
itory  (centres.  Tlic  finer  or  smaller  variatitms  in  thermogemsis  are  presumably 
effected  by  the  general  ceutresj  whereas  the  gros.ser  variations  ai^  pi-obably  ef- 
fected by  the  influences  of  the  tliermo-accelerator  and  thermo-inhibitory  centres. 

Specific  heat-centres  (thermogenic  and  thcrmolytic)  have  by  various  ob- 
servere  l^eeu  held  to  exist  in  oertain  i-cgions  of  the  brain  cortex,  in  the  base  of 
the  brain  just  in  front  of  and  l)eneath  the  corpus  striatum,  in  the  corpus  stri- 
atum, in  the  septum  lucidum  and  the  tuber  cinereum,  in  the  optic  thalamus, 
in  the  cor]X)]*a  quadri^eminaj  in  ttie  pons  and  mnhilla  oblongata,  and  in  the 
spinal  cord.  Some  of  these  centi-es  have  been  regai^led  as  being  tJiermogenic 
and  others  as  being  thermolytic.  Many  errors  in  deduction  have,  however, 
l»ocn  made  bcouse  of  th*^  manv  inherent  ^liflk'ultics  attending  exporimenta- 
tiou  ujKjn  the  cerebro-s|)inal  axis,  and  because  ulmoHt  all  the  methotls  ased 
necessarily  involve  injury  or  excitation  of  contiguous  parts.  The  methods 
adopted  of  studying  these  various  regions  ]mve  been  chiefly  destruction  or 
injury  by  means  of  a  probe,  actual  cautery*  excision,  and  the  injection  of 
cauterants;  by  transverse  incisions  across  the  eerebro-spjnal  axis  so  as  to  se|)a- 
rate  higher  from  lower  jM>rtions  of  the  oerebro-spinal  axis;  and  by  excitation 
by  small  punctures,  electricity,  etc. 

In  classifying  these  centres  we  are  governed  by  the  results  which  follow 
excitation  and  destruction.  When  irritation  or  destruction  directly  affects 
thermogenesis,  the  centre  is  regarded  as  Ix'ing  thermogenic,  but  if  heat-dissi- 
pation is  the  pnx^ss  <lire<!tly  affected,  tiie  centre  is  regnhlwl  us  I>eing  tliermo- 
lytio.  Tn  classifying  thermogenic  centres  we  would  reganl  the  centre  as  being 
a  general  thermogenic  centre  if  it  is  cajKible,  after  the  destruction  of  other 
thermogenic  centres,  of  causing  the  normal  output  of  heat;  a  thermoacceler- 
ator  centre  is  distinguished  by  the  fact  that  excitation  increases  thermogenesis, 
while  destruction  does  not  diminish  thermogenesis,  unless  the  centime  hap])ens 
to  be  active  at  the  time,  and  further  hy  the  fact  that  after  its  destruction  the 
normal  output  of  heat  may  continue  ;  a  thermo-inhibitory  centre  is  distinguished 
by  a  decrease  of  heat-production  following  stimulation  and  by  the  absence  of 
any  j>ermanenl  eftl-ct  on  (hcrmogenesi.-s  when  the  centre  is  destroyed.  The 
general  or  reflex  thermogenic  centres  are  undoiibutlly  continuously  active,  the 
d^pee  of  activity  varying  according  to  the  immediate  demands  of  the  organism 
for  heat ;  while  the  thermo-accelerator  and  thermo-iiihibitor}'  centres  are  prob- 
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ably  only  intermittently  active,  eomrii^  into  play  whuii  the  general  centres  are 
of  themselves  iinulile  to  effect  a  siitlicieritlv  rapifl  eoniponsation. 

While  it  mnst  Ix*  adniitti'fl  tlml  «nir  knowledge  itf  the  pretiise  lo<!atii>ns, 
physiological  jx*cii]iarities,  and  corrclution.s  of  the  tiiernu>genic  centres  is  by  no 
means  complete,  we  have  ut  our  ili>[>osal  some  mo>t  imix)rlant  and  significant 
data.  Tlie  genend  thermogenic  ccntivs  have  In^en  shown  by  Reichert  '  to  be 
located  in  the  sjiiiiid  cfinl.  The  thermogenic  centres  iu  the  brain  are  either 
thermo-accelerator  or  thenni>inliihituiy.  Thermo-accelerator  centres  probablv 
exist  in  the  caudate  nuclei  (possibly  alflo  in  the  tul>er  cjnereuin  and  optic 
thalanii\  pfHi?*,  an<l  me<1ulla  oblongata.* 

Excitation  of  any  one  ut'  tlwwc  regions  is  followeil  by  a  pronounced  rise  of 
heat-prodiictioM  ;  destruction  of  any  one  region  may  or  may  not  be  followed 
by  a  decrcjise  of  ht'tit-pivHliiction,  and  if  a  i U'c pease  dt»es  o(vnr  it  iiiav  in  niost 
ca.ses  be  attribntwl  to  incidcutal  raiiSL-:^,  .such  a.*-  shock  and  other  attendant 
conditions.  The  ct^ntre  which  is  common  to  the  pons  and  medulla  is  ibr  the 
most  |iart  probably  locatcii  in  the  latter,  but  it  is  not  .-*<>  powerful  in  its  influ- 
ences on  thermogenetiis  as  tlie  (hcrrno-accelerator  centres  in  the  basiil  n*giouB 
of  the  cerebrum.  Theg«e  cercbml  centres  are  affected  by  agents  which  have 
little  or  no  effect  on  the  heat  centres  of  the  sjnnal  coni.  Thermo-inhibitory 
centres  have  Invn  hx-atcd  in  the  dog  in  the  region  of  the  sulcus  cruelatus  and 
at  tiie  junction  4if  the  supni-.iiylviun  and  ]K>st-sylvian  fisfisures.*  Irritation 
of  either  of  them  is  foIlowe<l  by  a  decrease  of  heat- product  ion,  while  their 
destruction  may  l>o  followinl  by  a  tnmsient  increase  of  iicai-pi-otluction.  The 
cruciate  centre  ts  the  nioix*  powerful.  None  of  these  trerel^rul  centres  exeruisee 
any  influence  on  thermogenesis  after  flection  of  the  spinal  cord  at  its  junction 
with  the  luf'^lulla  ohlong:ita. 

Theoretically,  tliese  centr<«  are  associatetl  in  this  way  :  The  general  thernio- 
genic  centres  are  tn  the  spinal  cord,  and  while  they  are  [KM'ha|>s  imprtaisionable 
to  impulses  coming  to  them  through  various  sensor^'  nerv«^,  they  are  not 
appartMitly  in  tlie  least  influcnccfl  liy  cutaneous  impidses  ctmse<]  bv  changes  iu 
external  temperature  nor  by  changes  of  the  teiii]M.'nitun!  of  tlif  bl(HHl.  It  is 
not  improl:»able  that  tbcs*e  centres  are  in  the  anterior  cornua  of  the  spinal  injrd. 
The  thcrnif>-a4:(_rhrator  and  tliermo-inhibitorv  centres  are  connected  with  the 
general  n-ntrcs  by  n<TV('-fibn'Sj  the  former  influencing  the  geuenil  I'cuin's  to 
increaseii  aiHivity,  and  the  hitter  to  diuduisheil  activity.     The  thermo-acuel- 

'  Vnivmihf  Medical  Ma*j<utne,  1894,  vol.  v.  p.  406. 

'  Reicheii:  Vnivermty  Mfdiml  Mnfftuinr,  1804,  vol.  6,  p.  303.  Ott :  Journal  of  Strwna  and 
MenUd  J>iseaMs,  1884.  vol.  11,  p.  141;  1887,  vol.  14,  p.  ].!>4:  18db.  vol.  lo.  p.  85;  Thfmpeutie 
OtattU,  1887,  p.  592;  Frvrr.  TkrrmutoiUi,  and  CtUorimriry,  1889.  Amnwilin  and  Sachf*:  Pfitigtrr't 
Arekiv  Jur  Phynoiwfif,  18fl5.  Bd.  ."57,  S.  2.12.  (tirsn) :  Archive*  de  Pkyaioioffie  normalr  et  poikolo- 
$itpu^  1886,  t.  8,  p.  281.  lUginsky  und  L«hmann  :  Virehmi^M  Arthiv  fir  Phynohffie,  1886,  Bd. 
106,  a  258.  White:  Jounvit  of  Pht/nUotfy,  1890,  vol.  1 1,  p.  1 ;  1891,  vol.  12,  p.  233.  Bacalo: 
Cattri  tanici,  1890,  1891,  and  1892.  T.ingl :  PfiAgrr'n  ArrWftir  Pkynologit,  1895,  Bd.  68. S.  669. 
ScholtM:  Arrhir  fur  fipfrifnenielif  J'tithologi€  und  PkarmnMogif,  1890,  Bd.  43,  8.  193. 

*Wuod:  "Fever,"  ^miiAMmtiin  Ckmtrihuliom  to  KmtwMgt,  1880,  No.  357.  Utl;  Jovmai  tf 
Ntrvova  and  Mmtal  IHtatau,  1888. 
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erator  aud  thermo-inliibitory  centres  seem  to  be  especially  aifected  hy  cuta- 
neous impulses  which  are  genenitecl  by  clmuges  in  external  temperature,  and 
to  l>e  itifluenced  by  alterations  of  the  teni|>erature  of  tlie  bloorl.  It  is  doubtless 
tlin^ugli  tliti.sc  centivs  that  changes  in  external  and  internal  temperature  are 
able  to  afiect  the  heat-producinj^  proc«sges.  Presumably  both  an  increase  of 
tc'inporature  of  the  blood  and  cnt;uiet)us  ini|>ulses  geuenite<l  by  an  increase  of 
extf^nial  teni|wratnre  excite  the  tbf^rmo  inhibitory  centres,  and  tlius  inhibitory 
iiLipidses  are  sent  to  tlie  genend  centres,  lessening  their  activity  ;  ou  the  other 
hand,  both  a  fall  of  temperature  of  the  blood  and  cutaneous  impulses  gener- 
ate<l  by  t'old  presumably  excite  the  thenno-accelerator  centres  and  thus  caase 
iinpultses  to  be  sent  to  Ihc  gi^ncral  cxititre-;,  exciting  them  to  greater  activity. 

The  Mechanism  concerned  in  Thermolyeis. — The  hy&s  of  heat  by  the  lx»dy 
is  in  u  largo  mejisure  incidental  to  attetulant  comlitiuns  :md  Is  not  a  reflex 
result  of  the  activity  of  a  ihermolyfic  mechanism;  in  other  wortls,  the  loss 
occurs  e^eentially  by  virtue  of  the  same  conditions  as  would  cause  inanimate 
IxxHt*!?  to  lose  he^t.  Tlie  livijjg  lioniothennoiis  oi*ganisni  difTern  as  regards  the 
loss  of  heat  from  <Iead  tnattcr,  chiefly  in  that  the  ra]»idity  with  which  heat- 
dinsipatioa  occurs  is  regulate<l  to  u  material  extent  by  vital  processes.  The 
regulation  of  the  loss  -A'  heat  is  edectctl  by  the  open^tioiis  of  a  complex  niei*h- 
atiism — that  is,  one  consisting  of  a  number  of  (list inct  although  ctjrrelateil  jijirts, 
A  study  of  this  meclnuiism,  whirh  is  desitrnatwl  tlie  Tiiormnlvtic  m(xhanism, 
includes  a  eonsideralion  of  all  of  the  processes  by  whicli  heat  is  lost,  of  the 
nervous  mechanisms  which  govern  them»  aud  ol'  the  conditions  which  affect 
them,  but  esj)ec[al]y  of  tliose  pnx'esses  an<l  mechanisms  wliich  act  reciprocally 
in  conjunction  with  the  thermogenic  mechanism  to  maintain  the  mean  IxHlily 
temporutiir-e.  Piadimlly  all  uf  the  heat  hwt  by  the  (organism  (»ccui*s  by  nidia- 
tion  and  conduction  iroin  tlie  skin,  by  the  evaporation  uf  water  from  the  sUiii 
and  lungs,  and  in  warming  the  foo(],  drink,  and  inspired  air.  From  these  facts  we 
believe  that  mwhaiiisms  wliich  iiffi'ct  the  blnod-snpplv  to  (he  skin,  the  quantity 
of  sweat  secreted,  the  condition  of  the  Miiiiu-e  of  the  skin,  and  the  quantity  of 
air  inspired  miisit  in  a  large  measure  ixgidafe  thermolysis.  For  instance,  if  the 
temj>ei*atnre  of  the  orgaoism  l>e  marerially  iufiTaned  tliere  occur  increased  activ- 
ity of  the  liearl,  ])eri])Iieral  vjiscular  dilatntitai.  increase*!  resj>iratorv  activity,  and 
(except  in  fever)  an  incrcii^e  in  the  secretion  of  sweat.  The  tncix'ase  of  the 
activity  of  the  heart  together  with  the  dilatation  of  the  cutaneous  blood-vessels 
incrciises  the  quantity  of  IjIihkI  supplied  to  the  skin  ;  the  cutaneous  blcH>d-vessels 
are  dilatetl,  ex[MJsing  a  larger  surtaee  of  blood  to  the  ctHjler  extenud  surround- 
ings, aud  thus  uiaterially  favoring  the  loss  of  heat  by  radiation ;  the  increase  in 
the  quantity  of  sweat  is  favorable  to  an  increiise  in  the  amoimt  of  water  eva{K)ratcd> 
and  thus  to  a  lai'ger  loss  of  heat  in  thus  way  ;  an  increase  of  rcspiratorv  activity 
means  a  larger  volume  of  air  respired,  a  greater  expenditure  of  heal  in  warming 
the  air  and  in  the  evajKiration  of  water  from  the  lungs.  In  man  the  pilo-motor 
mechanism  plays  a  subsidiary  and  unimportant  part  iti  tlie  regulation  of  Iitat- 
dissijiatiou,  but  iu  some  lower  animals,  as  in  ctntain  Ijinls,  it  is  of  considerable 
im|K>rtance.     The  thermolytic  mechanism  therefore  includes  the  cardiac^  vaso- 


motor,  rejipiraUirVj  sweat,  aud  pilo-motor  moohanisros.  All  these  are  aficcted 
directly  or  indii-ectly  by  the  temperature  of  the  hlood  and  skin.  An  increase 
in  the  teni|M'niture  uf  the  bliMnl  atul  skin  excites  nil  of  (licni  h>  that  chancres 
are  brought  abuut  which  favor  heat-lostf.  The  re^|)iiiitory  iiiovcnients  eiij>eciully 
may  be  rendered  hiteuaely  active,  and  in  certain  animals  to  auch  a  marked 
degree  that  thov  may  bf^-'oine  moix:  finvjiicnt  thnn  tlio  hoart-bciits. 

Tka^notnxift. — Therniotnxis  or  lieat-re^nhuian  is  cflected  by  reciprocal 
diangcs  in  heat-pi\Khictiun  and  heat-dissipation  brought  alx>ut  by  the  inter- 
vention of  the  thermogenic  and  thprmoJytic  f^nires,  just  as  tJie  regulation 
of  arttTJal  prcHsnre  is  eirected  by  the  reoipnx'al  ndations  of  the  winliac 
and  va»o-nu>tor  mcrhanisms.  If  Iicat-production  is  more  active  than  W-nV- 
dissipation,  thermolysis  is  so  affected  that  the  h^it-Iass  is  increased,  and  thus 
the  mean  InMlily  tcnipcrature  nmfnt;iined  ;  if  ht^nt-production  is  suluiormiil, 
lieat-<lisriipation  also  falls,  t^imilarly.  if  lifat-<lissipalion  is  increased,  the 
heat-prcKlucing  prtx'csoes  are  exeitc<l  to  greater  activity  to  make  up  the  loss ; 
conversely,  if  heat-ilissi|iation  is  decretiswl,  hf^at-priuluction  also  tends  to  l»e 
decreased.  Thcfi*  n'<'ij>rocal  actions  de|H.'nd  essentially  or  wholly  upon  the 
influence  of  cutaneous  impulses  and  the  tem|)erature  of  the  blood.  For 
instance,  an  inrrcisc  of  the  teniiM-nitinv  of  the  blocKl  increitics  the  activity 
of  the  thermolytic  processes,  thus  etlwting  a  com[>ensation.  If  we  subject  au 
animal  to  a  moderately  cold  atmosphere,  as  in  the  winter,  heat-dissipation  is 
increased,  hut  cutaneous  iruj»nls<s  arc  ^enemted  which  excite  the  thcrmoj^fiiic 
<!eniri>i  so  that  heal-prfHiucticm  is  also  iutieux'tl,  and  thus  tlie  boilily  temjwMatmti 
is  maiuUiiuefl  practiadly  unatlcvted.  It  is  only  uutler  abnormal  conditions  or 
under  conditions  of  intense  muscular  activity  that  this  re*Mpr<xxil  rt*Iation- 
ship  is  so  disiurl»ed  that  chanjfcs  in  one  process  iire  not  quickly  (t>m[>ousnted 
for  by  chants  in  tlie  (tllien 

Thermotaxis  is  efiecte<l  in  a  large  measure  reflexly,  especially  by  cutaneous 
impnijtes  generate<l  by  external  ittltl  and  heal,  lK»th  thermogenic  unci  thermo- 
lytic pro<!esses  InMng  ati'ectwl.  Cohl  apjdied  !eni|M»nirily,  as  in  the  litrm  of  a 
douche,  bath,  s[>onging,  etc.,  causes  constriction  of  the  cutaneous  capillaries. 
This  lessens  U>tli  tlie  ijoaiitity  and  tenipei-ature  of  the  blood  passing  throujjh 
the  skin,  the  rWvrl  of  whicli  tends  to  decrease  the  dissipation  of  heat  by  radia- 
tion and  conductit>u.  Moreover,  a  lesseneti  blood-supply  causes  the  skiu  to 
become  pooi^er  in  fluid,  so  that  the  conduction  of  heat  from  the  warmer  inner 
parts  is  lessened.  The  conductivity  of  the  skin  is  furtlicr  de*rrease*l  by  the 
action  of  the  pil(»-nu)tur  mnsc^les,  which  when  in  oontnn  lion  or  in  a  state  of 
greater  timicity  render  the  skin  tenser  and  tluis  press  out  the  blood  and  tissue 
juices.  The  secretion  of  sweat  is  diminished,  so  that  tlie  quantity  of  heat  lost 
in  the  vap>rization  of  water  is  decreaswl.  On  the  other  hand,  heat-<^lissi|>uiion 
tends  to  be  materially  increased  by  the  greater  radiation  of  heat  duo  to  the 
greater  difTcrenw  between  the  temf)erature  of  the  body  and  of  the  douche,  Inith, 
etc.,  and  the  tendency  to  au  increase  in  this  way  is  much  greater  than  the 
opposite  tendency  depending  upon  the   factors  above  noted,  therefore  heat- 
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di«isipatioii  is  increased.     Bathing  the  skiu  with  cold  water  increases!  heat-loss 
by  the  vaporizati(»n  of  water  as  well  as  by  conduction. 

The  excitation  of  tfie  cutaneous  nerves  by  c^ild  rcflexly  increaiw^  thermo- 
genesis,  and  to  such  an  extent  that  ht.'at-|>rt>ductiijn  may  even  excxicd  the 
quantity  dissipated,  thus  causing  an  incraise  of  bodily  teinj)erature.  Tliis  rise, 
which  is  transient^  may  amount  to  0.2°  C  or  more,  and  is  followed  by  a  re- 
action in  wliicii  the  temfK*niture  may  fall  0,2°  C.  or  mure  below  the  normal,  and 
c<»n(iiiue  siibru^rmul  for  some  ht»ur.s ;  this  fall  iti  turn  is  su4'cee<led  by  a  supple- 
mentary reaction  in  which  the  tenn>eratui'e  may  rise  slightly  above  the  normal. 

The  chief  reactions  l)r<)uglit  alujut  by  mndcrute  external  cold  arectmstriction 
of  the  cutaneijus  bIo<  id -vessels,  a  diiniinitiirn  of  llie  quantity  of  sweat  secreted, 
increased  tonicity  of  the  pilo-motor  muscles,  and  iiicrease<l  tonicity  of  the 
skeletal  muscles.  The  action  upon  tlie  hut cr  muscles  may  be  so  marked  as 
to  cause  shiveritig,  which  in(?n'iL^e3  i-es|iinUory  activity  (see  p.  432)  and 
presumably  similarly  increases  heat-pro<luction, 

Motiernte  external  heat  causes  dilatation  of  the  cutaneous  vessels,  excites 
the  general  circuhitiou  and  thus  inenMises  (he  bloofl-su|»plv  to  the  skin,  excites 
respiratory  movements  and  the  sweat-glands,  but  deerwisi-s  tliermogenesis. 
Owing  to  the  dilatation  of  the  blood-vessels  of  the  skin  luid  the  excitation  of 
the  circulati(wi  the  temp<:'raturp  and  the  quantity  of  (he  blood  sui>plie<l  to  the 
akin  are  increasetl,  so  that  conditions  are  isinsetl  whicli  are  fiU'orable  to  an 
increased  loss  of  heat  by  radiation.  Inci'ease4l  activity  of  the  respiratftrv 
movements  means  a  larjjer  volume  of  air  respireil,  and  consequently  a  greater 
loss  of  heat  in  warming  the  :nr  and  in  the  cvapcinittou  of  the  larger  quantity 
of  wafer  fmm  the  lungs.  The  increase  in  the  quantity  of  sweat  formed  also 
favors  heat-dissi]Kition  by  means  of  the  larjr<T  amount  of  water  evaporated 
from  tlie  skin.  External  In^at  nls<i  wuises  diminished  tonicitv  of  the  muscles, 
and  consequent  diminished  tliermogenesis  which  is  prftbably  dtie  to  a  leasening 
of  the  activity  of  tlio  chetntca!  changes  in  the  muscles. 

When  external  temperature  is  ox<'essive  and  continued,  heat-n*gulation  is 
rendered  im|K)ssible:  if  extreme  cold,  hcatMlissipation  takes  place  more  rapidlv 
than  hent-pn>duction,  so  that  IxMlily  ti^mpenitiire  falls  nntil  death  results;  if 
extrenn^  heat,  lieat-dissipation  is  so  interfered  with  that  heat  accunitdates 
within  the  organism,  causing  a  continuous  rise  of  temj)erature  which  liually 
causes  death. 

AbnonnnI  Tht'nnoUwis. — By  this  term  is  meant  the  regulation  of  the  heat- 
processes  under  conditions  in  which  the  meiiu  IxKJily  tem]>ei*ature  is  maintained 
at  a  standard  above  or  below  the  normal,  as  in  fever  and  in  animals  froai 
which  the  hair  has  l>eeu  shaved.  It  is  assuruetl  tliat  under  normal  conditions 
the  iieiit-cetitres  are  "set,'*  as  it  were,  for  a  giveu  temjjeniture  of  the  blood, 
and  that  wheu  the  temperature  of  the  blood  goes  above  or  l>elo\v  this  standard 
a  cnmi»ensiitorv  reaction  occurs,  so  that  thermogenesis  and  thcrmolj-^is  are 
properly  aflFected  to  bring  al>out  an  adjustment.  In  fever  it  may  be  mnsidered 
that  the  centres  are  set  for  a  higher  teni|K*ralure  than  the  normal ;  the  higher 
the  fever,  the  higher  the  adjustment.     The  centres  may  beset  for  subnormal 
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tempcraturee,  as  In  the  case  of  a  rabbit  shaved^  whose  temperature  may  remain 
2**  or  3°  below  the  normal  for  a  week  or  more.  When  tlic  cause  of  the  ab- 
normal condition  diBappears,  the  centres  are  readjusted  to  the  normal  standard, 

E.  Post-mortem  Rise  op  Temperature. 

A  rise  of  tem{>eraturc  after  death  is  not  unc<)mnion ;  Indeed,  in  case  of 
violent  death  of  healtliy  individuals,  ami  after  doath  following  convulsiona, 
a  rise  in  tem|x?ratHrc  is  alino.st  iuvariable.  This  increase  is  due  to  continued 
heat-production  and  to  diminished  heat-dissipation.  Heat-productinn  after 
death  may  lie  due  to  continues!  cht'niiciil  activity  in  the  niusclcs  and  other 
structures  which  are  not  deml  but  niniply  in  a  nuuibund  .state,  Tlieru  ih,  as  it 
were,  a  residual  metabolic  activity  which  remains  in  the  cells  until  their  tem- 
perature has  been  reduced  to  such  a  standard  that  the  mulecukr  transiorma- 
tions  cease — in  other  woi*ds,  until  the  death  of  thf  cells  occurs.  Consequently, 
the  higher  the  tem|)erattire  of  llje  individual  at  the  time  of  somatic  death  (the 
cessation  of  tlie  cirrulation  and  respiration),  the  lon^r  heat-production  (!on- 
tinnes,  l>ecause  the  longer  the  time  rc<piired  to  cool  the  cells  to  such  a  degree 
that  (heir  chemical  proceK**es  no  longer  go  on.  Heat  is  also  produced  during 
the  development  of  rigor  mortis.  The  more  f|nl<'kly  rigor  sets  in,  and  the 
more  intense  it  is^  the  greater  is  tlie  abundance  of  heat  pr(Mlu*'c<!. 

The  tendency  to  an  increase  of  Ikidily  teraperature  is  favored  by  the  marked 
diminution  of  heat-dissipation  which  occurs  immediately  upon  the  cessation 
of  the  circidation  and  respiration.  Therefore,  while  both  lieat-prt>duction  and 
hcat-diasipation  fail  at  once  and  enormously  at  tlu-  time  of  death,  heat-dissipa- 
tion may  be  decreased  to  a  more  markctl  degree  than  heat-production,  so  that 
heat  may  acxMimulate  and  the  ImmIiIv  teui|x>ratur(!  rise. 

Temperature  iSCTWc,^-(See  Cutaneous  Sensibility,  in  the  section  on  Special 
Senses*) 

Vol.  X 3 J 


IX.  THE  CHEMISTRY  OF  THE  ANIMAL  BODY. 


Introduction. — Living  matter  contains  hydrogen,  oxygen,  sulphur,  chlo- 
rine, unline,  riiiorinc,  nitrogtu,  phosphorus,  carhon,  niluon,  |HitaHsiuiiu  i^xliuiu, 
ciileiuui,  iiiugiicsiiiTn,  and  iron.  Ahstmction  of  ono  of  th<*se  cleninits  nu'iins 
death  to  the  or^mism.  The  roiii|Miiiiid.^  ixviirriiij^;  in  living  niiittcr  may  for 
the  most  part  Im?  isolatvd  in  thii  laboratory,  but  they  <]o  not  then  exhibit  the 
pn>perties  of  aiuniuti'  matt<T.  In  the  living  evil  tiiesnialk-Kt  particles  of  matter 
are  arranged  in  snch  a  manner  that  tlie  phenomena  of  life  are  possible.  Such 
an  arranti^'meut  of  materials  i^  wdled  jjrotopI(WJH^  tini\  anytliincr  which  distuHw 
this  arrangement  rt^ults  in  sickness  or  in  deatli.  Somatic  death  njjiy  ix»sult 
from  physical  shock  to  the  cell ;  or  it  may  be  due  to  the  inability  of  the  cell  or 
tlie  orpmism  to  rrmovc  from  itiself  poisiHious  pi*odnrls  which  are  rclaiiiwl  in 
the  bod}-  so  aflucting  tlie  smallest  particle:^  that  functional  activity  is  impossible. 
Pure  chemistry  adds  mnch  to  our  knowledge  of  physiology,  but  it  must  always 
be  reracmhered  that  the  rondiJions  present  in  ihe  l)eaker  glass  are  not  the  nm- 
ditions  pR'sunt  in  the  living  cell,  for  physical  and  chemical  results  arc^  de- 
penilent  on  surrounding  eonditions;  licuce  the  necessity  and  value  of  animal 
ej[[H>rimcntation.  From  chemical  changes,  the  physical  activities,  i.  <■,  the 
motions  cliaracteristic  of  life,  result.  Hence  the  chemistry'  of  protoplasm  is 
the  corner-stone  of  biology.  The  plan  of  tliis  section  is  designed  to  eou^ider 
the  substances  concerned  in  life  in  tlie  order  usually  follower!  by  chemical 
text-lM»oks,  and  to  compare  as  far  as  ]H>ssible  the  results  obtained  in  pure 
chemietr}'  with  the  cliemicul  changes  in  the  ot^nism. 

The  Non-metallic  Elements. 
HYDnoOEN,  H  =  I. 

This  gas  is  fonnd  as  a  constant  pHxIuct  of  the  putrefaction  of  animal 
matter,  and  is  therefttre  prc^nt  in  the  iutestinal  tract.  It  is  ti>uiid  iu  the 
e^cpired  air  of  the  rabbit  and  other  herbivoroas  animals,  and  in  traces  in  the  ex- 
pired air  of  cjirnivorous  nninials,  having  first  be^-n  aljsorlxnl  by  the  blood  from 
the  intestiuat  tract.  By  far  the  greater  amount  of  hydrogen  in  the  animal 
and  vegetable  worlds,  as  well  as  in  the  world  at  large,  occurs  combined  iu  the 
form  of  water,  and  it  will  be  shown  that  the  proteids,  carlK»hydrates,  and  fat.s, 
characteristic  of  the  organism,  all  contain  hydrogen  originally  derived  from 
water.  In  the  atmosphere  is  found  ammonia  in  traces,  which  holds  hydrogen 
in  combination,  and  this  is  a  second  source  of  hydrogen,  especially  for  the  con- 
struction of  the  protcid  molecule. 

Preparation. — (1)  Through  the  electrolysis  of  water,  by  which  one  volume 
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of  oxygeo  is  evolved  on  the  positive  pole  and  two  volumes  of  hydrogen  on  the 
negative. 

(2)  Through  the  action  of  ziuc  on  riiilphurio  acid/ 

Zn  +  HjSO,-ZnSO,  +  H,. 

(3)  Through  putrefaction  (by  which  is  understood  the  change  effected  in 
organic  matter  through  certain  lower  organisniSj  bacfenn)  hvdrogen  is  liberated 
in  the  intejitinal  canal  from  prot^id  niattt^r,  and  e3[KicialIy  from  the  fermenta- 
tion of  earbohydratet* ; 

C.H.A  =  C,H,0,  +  SCO,  +  2H,. 

Rugar.         Butyric  acid. 

In  putrefaction  in  the  presence  of  oxygen  the  iiydrogen  formed  immediately 
unites  with  oxygen,  pro<lucing  water;  hence,  notwithstanding  tlic  enormous 
amount  of  putrefaction  in  the  world,  there  is  no  accumuJatiou  of  hydn^gen 
ill  the  atmosphere. 

Both  bacteria  and  an  enzyme  can  libcr&te  hydrogen  by  acting  on  calcium  formate, 
Ca  (CnO,),  +  H,0  =  CaCO,  +  CO,  +  UH,, 
»T>d  ihiB  same  reaction  may  be  hrouuht  alxmt  by  the  action  of  metallic  tndiiim,  rhodium, 
or  ruthenium  on  fnrmio  aciil.  An  niz}/mr  is  u  substanco  firr^batly  tjf  pr(>teid  iiEittiro  eapa- 
ble  of  prtulucing  change  iu  otber  eubetani-cs  without  itsi'H'  undergulng  apparent  change 
(example,  pepsin).  Bunge  ^  cuUh  attention  to  the  tWt  that  the  above  reaction  may  be  brought 
about  by  livinir  cells  [bacteria),  by  an  orcanic  sulwtance  (enzNTiie),  and  by  an  inorganic 
xiietal.  TliiH  Blniilarity  of  at^tion  betwcuMi  nreaniKiMl  and  iinori^anizetl  material,  between 
living  and  dead  Kubstaneca,  is  shown  more  and  more  conspieiintLsly  as  science  advances. 

Prnpertiett. — Hydrogen  burns  in  the  air,  forming  water,  and  if  two  volumes 
of  hydrogen  and  one  of  oxygen  be  ignited,  they  unite  with  a  bmd  cxpU>siou. 
Hydrogen  will  not  support  respiration,  but,  mixed  with  oxygen,  may  be 
respirotl,  pntbably  being  dissolved  in  the  fluids  of  the  body  as  an  inert  gas, 
without  eflTu^t  ufion  the  organism.  Hydrogen  tnay  ptiss  llirough  the  intes- 
tinal ti.s'^ues  into  tlie  blood- vessels,  accorvling  to  the  laws  of  diffusion,  iu  ex- 
change for  some  other  gtts,  and  may  then  be  given  off  in  the  hings.  NascerU 
hjtii'ofjrn — that  is  to  say,  hydrogen  at  the  moment  of  genomtitm — is  a  powerful 
reducing  agent,  uniting  readily  with  oxygen  (see  p.  505). 

OXYGEX,  0-^16, 
Oxygen  is  found  free  in  the  atmosphere  to  the  amount  of  about  21  per 
cent,  by  volume,  and  is  found  diHsoIv^l  iti  water  and  chcmii'ally  combined  in 
arterial  blood.  It  is  swalbnveil  with  the  food  and  may  be  present  in  the  stom- 
ach, but  it  entirely  disapi>ears  in  the  intestinal  caital,  being  absorbed  by  respir- 
atory exchange  through  the  mucous  membrane.  It  oci'urs  chemically  com- 
bined with  metals  so  that  it  forms  one-half  the  weight  of  the  earth  s  crust; 
it  likewise  occurs  combitiwl  in  water  and  in  nmst  of  tlie  materials  forming 
animal  and  vegetable  organisms.     It  is  found  in  the  blooil  in  loose  chemical 

>  It  ia  not  within  the  scope  of  this  work  to  give  more  than  typical  methods  of  labonilory 
prepamtion.     Fnr  ^ealcr  dt^uil  the  reader  is  referred  to  works  on  general  chemUtry. 
■  Pk^moUt^he  Chemw,  2d  ed.,  IS«9,  p.  167. 
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ooiubiuutiou  as  oxyhteuioglobiii.  It  xa  pri^^etit  du;:H)lveJ  iu  thi.<  saliva,  so  ^I'eat 
id  the  amount  of  oxygt?u  f'urnislied  by  the  blood  to  the  salivary  glaud ;  it 
is,  however,  not  found  iu  the  uriuc  or  in  the  bile. 

PrrfMmtxon. — (I)  Through  the  electrolysis  of  w;iter  (see  Hydrogen). 

(2)  By  healing  nianguticse  dioxide  with  milphurie  ai-id, 

2MuO,  -f  H,SO.  -  2MnS0,  ^  2H,0  +  O,. 

(3)  By  heating  poto&sium  chlorate, 

'JKaO,  =  2KCl  +  30,. 

(4)  By  tilt?  atitioii  of  a  vacuum,  or  au  atmosphere  confaiuing  no  oxygfii,  on 
a  solution  of  o.xyhjemoglobin, 

Hl>-O,=Hb  +  0^ 

This  latter  in  tlie  methotl  oeciirriujr  in  the  lii^hur  animals.  Any  oxygen  present 
in  a  tvl]  ill  tlix*  fxKlv  fNunbities  vvltli  the  <ie<'om|x>sition  prtKha-ts  formed  there, 
con.se*|iieully  eiilailiiig  in  stR'h  n  tx'll  an  oxygen  vaennm^  which  now  aets  \\\mm\ 
the  oxyhffnioglobiri  of  the  blood-eorpuscles  in  mi  adjacent  capillar)',  distsfjriafhtff 
it  into  oxygen  and  hseinoglobiti, 

(6)  By  the  action  of  .sunliglit  on  tiie  leaf  of  the  plant,  transforming  the 
carbonic  oxide  and  water  of  the  air  into  sugar,  and  setting  oxygen  free, 

6CO,  +  6H,0  =  CJI,A  +  ^^r 
Properties. — All  the  elements  except  fluorine  unite  with  oxygen,  and  the 
products  arc  known  as  oxides,  tiic  process  being  oiIIhI  oxidation.  It  is  usually 
accompanieil  by  the  evolntian  of  energy  iu  the  form  of  heat,  antl  often  the 
energy  liberated  is  sufficiently  great  to  cause  the  production  of  light.  The 
light  of  a  (lunlle  n>nies  from  vii)mting  (Ktrticles  of  carlwn  in  the  flame,  which 
jianicles  collect  as  lampblack  on  a  cold  plate.  In  pure  oxygen  combustion  is 
more  violent  than  in  the  air;  thus,  iron  burns  brilliantly  in  pure  oxygen,  while 
in  damp  air  it  is  only  very  slowly  convert<.Hl  into  oxide  (nist).  This  latter 
process  is  ea]h*d  slow  combustion,  and  animal  metabolism  is  in  the  nature  of  a 
slow  comtnistton.  In  the  biu'ning  candle  luis  l^een  note^l  the  lil)eration  of  heat, 
and  motion  of  the  ?*mallcst  particles  :  in  ihc  cell  there  is  likewise  oxidation,  with 
dej)endent  libctiition  nf  heat  and  nmtion  of  the  smalU^st  particles  in  virtue  of 
which  the  eidl  is  a<'tive.  Phenom»;na  of  life  an*  phenomena  of  motion,  and 
the  energy  supplying  tliis  motion  comes  from  chemical  decom[>osition.  The 
amount  of  oxidation  in  the  animal  is  not  increased  in  an  atmosphere  of  pure 
oxygen,  nor,  within  wide  limits,  is  it  aflei-ted  by  variations  in  atmospheric 
pressure,  for  oxygen  Is  not  the  cause  of  decom|xisition.  In  puti^faction  it  is 
known  that  bacteria  cause  deciMnposition,  and  the  products  subsequently  unite 
with  oxygen.  Bui  the  caus4]  of  tiiedeeomj>Oftiti<m  in  tlic  cell  remains  unsolved, 
it  being  only  known  that  the  decomposition-products  at\er  being  formed  unite 
with  oxygen.  So  the  quantity  of  oxygen  al>sorbetl  by  the  b<xly  depends  on  the 
decomposition  going  no,  not  the  decomposition  on  tlie  absorption  of  oxygen. 
This  distinction  is  fundamental  (see  further  under  Ozone  and  Peroxide  of 
Hydrogen), 
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By  ndmiioa  in  ite  simplest  sense  is  meant  the  removal  of  oxygen  wholly 
or  ill  part  from  the  molecule.  Example :  reducwl  hiemoglobin  from  oxy- 
hffimoglobin,  iron  from  oxidn  of  iron  {Fp^O,).  RediK'tion  may  likewise  be 
aiTt^mplislitxl  by  simple  aJ(.litioii  of  liydrogen  to  the  molecule,  or  by  the  sub- 
stitution of  hydrogen  for  oxygen.  These  two  pntoesses  may  be  represented 
respectively  by  the  reac-^tions : 

CII/'HO    H-Ha    =CPT,CILOH. 

Vllj^'i  M  m  f  20^  -  CHjCH.OH  +  H3O. 

Acetic  ni'id.  Etliyl  olcuhol. 

Ozone,  O3. — Ozone  is  a  >jecoml  form  of  oxygeu  posscgeing  more  active  oxi- 
dizing proppities  than  common  oxygen.  It  is  found  in  neighbf»rh(»fKLs  where 
large  (juantities  of  water  evapoi-ate,  and  after  a  thiinder-storni. 

Preparation. — (1)  An  imhiction  onrrent  in  an  oxygen  atmosphere  breaks  up  some  of 
the  molecules  present  into  aiums  of  na«*eTit  or  "muivc"  oxyjreii  — 0 — ,  the  (lowerfti! 
affiniue8  ul'   wbusu  free   buud»  entLT  iuLu  eumbiuation  with  uxygen,   0  =  0  to  form 

O 

OEone,    /\ 

o-a 

(2)  Through  the  slow  oxiilatiun  of  |jho9phoru«, 

P,  H-  AUfi  -t-  20,  =2HJ>0,  -t-  (-0-). 

(-a-)  +  o,=o,. 

(3)  On  the  positive  pole  in  the  electrolyHis  of  water. 

In  each  of  the  above  ca»eH  ozone  is  formed  \vy  the  aetion  of  nascent  oxygen  on  oxygen. 

Properties. — Ozone  is  a  cohirh^ss  gas,  hanllv  Polnble  in  water,  and  having 
the  pecidiar  smell  miletl  in  the  air  after  thutuk'r-stormft.  Ozone  has  powerful 
oxidizing  proi^rties  due  to  its  third  unstable  atom  of  oxygen,  oxidizing  silver, 
which  oxygen  of  its<^lf  docs  not.  But  ozone  is  not  as  oxidizing  as  nascent  or 
'* active"  oxygen,  which  may  convert  e;u*l)on  monoxide  into  dioxide,  and 
nitrt^n  into  nitrous  acid.  Ozone  cannot  occur  in  the  cell,  as  any  ua^rcent 
oxyg<L*n  funned  wtniUI  natninlly  unite  not  with  oxygen,  but  with  the  more 
readily  oxidizjiblc  materials  of  the  i?ell  ilscif  <  htmv  acts  on  an  alcf>holic  st>Iu- 
tiou  of  guaiacum,  turning  it  bine;  blowl-corpnsclefi  give  the  8ame  reaction 
with  guaiacum,  hence  it  was  thought  that  htemoglobin  converte*!  oxygen  into 
ozone.  However^  this  test  is  not  a  test  for  ozone,  but  for  *' active"  atomic 
oxygen,  which  is  prmhieed  from  the  oznn*^  and  in  the  decomposing  blootl-cor- 
puscle  (see  theory  of  Tniul>e  beloWj  and  that  of  nop|)e-Seyler  under  Peroxide 
of  Ilvdrogen).     Ozone  converts  oxyhemoglobin  into  methtemogh)bin. 

Theorjf  of  Trmibr  an  to  thr  Caunf  of  Oxifffttto-n  in  iJu-  Hn(hf. — Indigo-blue 
disBolved  in  a  sugar-solution  gives  np  oxygen  in  the  atomic  state  for  the  oxida- 
tion of  sugar,  and  the  sitlutiou  iK^cf^mc*  wliite.  If  shaken  in  the  air  the  blue 
coloration  reapj^eais,  owing  to  the  absorption  of  oxygen  by  the  indigo.  Hence 
indigo  has  the  jtower  of  splitting  oxygen  into  atoms,  and  acts  as  an  "oxygen- 
carrier"  between  the  air  and  the  sugar.  Traulx?  is  of  the  o|iiiiion  that  an 
"oxygen-carrier"  exists  in  the  blootJ-corpuscles.  Sugar  is  d(»stroyed  by  stand- 
ing in  fresh  defibrinaltxl  blowl ;  sernm  alone  does  not  effect  this,  nor  does  n 
Bohitiou  of  oxyhcemoglobin,  but  it  may  take  place  in  the  extract  obtained  by 
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the  action  of  a  0.6  per  cent,  sodiiim-clilnride  solutiun  *)n  blcxxl-corpusclcs.^ 
The  action  here  Huh  been  dt'ScribiHl  iis  that  of  catali^ttinj  that  is,  an  action  by 
which  some  subj^tance  eiffcLs  <leeompt>situ>n  in  anotlier  substance  without  per- 
manent change  in  itself.  In  tliis  case  tlie  substance  in  the  l>latKi-eorpU8cle 
is  <k>fined  a8  an  "oxygen-earricr,"  talking  nioU'cules  of  oxygen  from  oxy- 
hu'moglobin  ami  frivin^j^  atomic  oxygen  for  the  oxidation  of  the  sugar. 
Spitzer*  has  shown  that  these  oxygeu-earriers  are  iron-t'ontaininj;  iiiir]ef>- 
proteidn  which  are  ebaraeteristic  e^inHtitnenls  of  t}*e  celhilar  litK^ltiis.  ]  Fence 
the  nucleus  is  the  prinei|ittl  oxidation  organ  t»f  living  matter.  Sepiration  of 
proto|)h»sm  from  its  nu<'len8  «mses  the  death  of  the  jimtoplasm  on  account 
of  decR-ased  oxidative  capacity.* 

Old  turpentine  is  hijLrhly  oxidizinjE.   This  action  was  once  believed  to  be  due  to  ahaorliecl 

ozout'.  It"  old  lurpciitirie  k'  itiixcfJ  with  waU-r  and  filtered,  tlie  a<iueoii.s  exinict  him  the 
Mine  properties,  dne  lotlif  fuot  tliat  an  oxidized  product  which  is  fiulubk'  in  water,  gives 
off,  under  favorable  conditions,  ntoraic  oxygen.* 

Water,  HjO. — Water  is  found  on  the  eaith  in  large  quantities,  and  its 
va|M)r  is  a  constant  eoiistitnent  id*  tlu"  jitrnospfjere.  It  is  a  pro<luet  of  the 
combii.slii>n  of  atiiiiial  auiUer^  and  (hvui-h  in  expirLsl  air  almost  to  the  point  of 
saturation.  It  is  furthermore  given  off  by  the  kidneys  and  by  the  skin.  It 
is  a  necessary  cfuistituent  of  a  living  cell,  and  forms  67.6  |K*r  wnt.  of  the 
weight  of  the  Iiuinan  IkxIv  (^lulescholt).  Removal  of  5  to  it  per  cent,  of 
water  frtmi  the  U>dy,  as  for  example  in  cholera,  causes  the  bbxHl  to  b(?come 
very  viscid  and  to  flow  slowly,  no  urine  is  excreted,  the  nerves  become  exoess- 
ively  irritable,  and  violent  cfHivuIsious  result.* 

Prfpnration. — (1)  By  passinjir  an  eledrio  spark  through  a  luucture  of  oue  volume  of 
oxygon  and  two  volumes  of  hydrogen . 

(2)  By  the  combustion  of  a  RkmI — sis,  for  example, 

C^HyOj  -t  120  -  6CDa  i  6H,0. 

Sugar. 

(3)  Duttilhi  nyttfr  is  made  in  ({uaulity  by  boiling  onlinar}'  water  and  condcns!n|r  the 
Tlpon  funjicnl  in  unother  vessel. 

ProperiU-s. — Water  is  an  odorle&s,  tasteless  fluid  of  neutral  reaction,  colorless 
in  small  qnautities,  but  bluish  when  seen  in  large  ma:*se3.  It  is  a  bad  conductor 
of  heat  and  electricity.  It  conduct-s  ehrtricity  l>etter  when  it  (Tintains  salts. 
It  is  nearly  non-compres.«!ible  and  non-ex|)ansible;  thus  in  plant-life,  through 
evDjK)ration  on  the  surface  of  the  leaf,  s:ip  is  continuously  attracted  from  the 
roots  of  the  tree.  The  solvent  properties  of  water  give  to  the  blood  manv  of 
its  uses,  soluble  fotxls  being  currieil  to  the  tissues  and  soluble  prtnlucts  of 
decomposition  to  the  proper  organs  for  elimination. 

When  water  is  absorbed  by  any  substance  the  process  is  (*alled  ht/draHofi, 

•  Read  W.  Spitrer :  f*^mjrr^s  AreMk^lS^^,  TM.  60.  8. 307.        »  /4»d,  I897,Bd.67,S.fll6. 
'  J.  Loeb:  Ardiir  fkr  Entwickrtunffrmrfhanik  der  Organittmni^  1899,  Bd.  8,  8.  6H9. 

•  N.  Kowalewaky:  Osntr^iihtnlt  fur  die  medieinUcU  Wiji»en9ehu/l^  IBS%  S.  113. 

•  C.  Yoit :  HermannU  Hmuibuck,  1881.  lU.  vi.  1,  S.  349. 
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as  an  example  of  which  may  be  cited  the  change  of  calcium  oxide  into 
hydroxide  when  thrown  into  water.  When  a  substance  breaks  down  into 
simpler  bodies  through  abf?orptio[i  of  water  the  process  is  called  hydrolysU  or 
hydrolytic  cleavage.  Thus  cane-sugar  may  take  up  water  and  be  resolved  into 
a  mixture  of  dextrose  and  levulose,  which  arc  called  cleavrie/e-prodtictjt.  So, 
likewise,  starch  and  proteid  are  resolved  into  series  of  simpler  bodies  through 
hydrolytic  cleavage — changes  which  take  pboe  in  iutestiiud  digestion.  All 
forms  of  fermentation  and  putrefaction  are  characterized  by  hydrolvsis  (e3cam- 
pies,  p.  600),  and  henoe  complete  drying  prevents  eucJi  processes.  Alcoholic, 
butyric,  and  lactic  fermentation  are  aj»parent  though  not  real  exception*  to  the 
al>ove.  AlculioH(t  fermentation,  for  example,  h  usually  represented  by  the 
reaction,  C^U^fi^  ^  2Q\llfill -^  2CO^  but  the  CO,  is  in  &ct  united' with 
water,  and  hence  the  true  reaction  should  read, 

QHijO,  +  2H,0  =  2C3H,OH  +  2H,CX>,. 

SaAU*.  Alcohol. 

Drink'tuff-waier  contains  salts  and  air  dissolved,  giving  it  an  agreeable  taste. 
One  does  not  willingly  take  distilled  water  on  account  of  its  tastelessness, 

Dry  animal  tuembrancs  and  celU  absorb  water  in  quantities  var>'ing  with  the  concentra- 
tion an*l  the  ([uality  of  ^alm  iit  the  siluiioti  in  whirh  they  are  8iU8i>omled  (Llebig).  This  re 
called  imfitiiitioH.  Menibnkiies  will  absorb  a  Bolution  of  fKitiisslum  salts  in  greater  quantity 
than  of  sodium  salif^,  and  »>  the  jjot^ssiuin  ^Uh  are  fuuud  }ireiJ<iiuiiialing  iu  the  celU,  the 
sodium  salts  in  the  fluids  of  the  IxKly.  A  blixKi-corpuscle  treated  with  distilled  water 
«weIU  bocaufie  it  cai»  hold  more  distilled  water  than  it  ean  salt-eontaitiing  plasma.  A  cor- 
puscle placed  in  a  0.(>.5  percent,  wihition  of  sodium  ehloride  (tlic  physicilogieal  salt^solution) 
rcniatim  unchanged,  for  this  corrct*i>oiids  in  I'onwntnitiun  to  the  plasma  of  the  blood.  If 
(he  eorjpUHtjIe  be  placed  in  a  Btnjn;u'  H>iutiuii  of  a  sail  it  shriveLs,  because  it  eaiuiot  hold  us 
much  of  tbat  Sfjltitiun  us  it  can  cue  liavinj;  the  strength  of  the  salts  of  the  plasma,  t)}'sters 
are  often  plaiiled  at  the  muuths  of  frc-^h-water  rivt'rn,  hiiicl-  they  imbilH!  more  of  the  weaker 
solution  and  apj>ear  fatter.  If  salt  bo  plaeeil  on  meat  and  \q\\  to  itself,  a  brine  is  formed 
around  the  meal  on  account  of  the  oMuotic  prcsrsure  exerted  by  the  strong  solution  of 
salt,  whieli  sets  up  an  osmotic  stream  of  water  to  the  salt  and  thus  deprives  the  meat  of 
water. 

Different  bodies  require  different  quantities  of  heat  to  warm  them  to  the  same  extent. 
The  amount  of  heal  re<|uired  to  raise  (lie  tempeniture  of  water  is  greater  th:in  that  for  any 
other  Bubetunce.  A  aifoi-ia  or  heat-uuit  is  the  amount  of  heat  required  to  rai^c  1  cubic 
centimeter  of  water  from  0°  to  l*"  (■.  Tlifi  ttjtfcijic  heat  of  the  human  Innly — that  is,  the 
amount  of  heal  rwpiired  to  raise  I  pram  1°  C. — is  about  0.8  that  of  water.  On  the  trana- 
fbrmaiion  of  a  substance  trom  tlie  eH)lid  to  the  li<piid  slate,  a  certain  amount  of  heat  is 
abfforbed,  known  as  hUnU  hmi.  To  melt  I  jrram  of  ice  pruducing  I  gram  of  water  at  0", 
7y  calories  are  required,  or  sufficient  to  raise  1  gratu  of  water  frrtm  0"  to  79°.  Ujwu  the 
basis  of  these  facts  a  dcleruiiiiiition  may  he  made  by  mean.«  of  the  ice-cahrimcta-  of  tlic 
number  of  heat-units  prndnced  in  lite  i-ombustion.  For  example.  I  gram  of  sugnrldex- 
trcwc)  burned  in  an  ice-eliamber.  melts  49.K0  grams  of  ice.  Since  each  gram  required 
79  calories  to  molt  it,  3939  calories  must  have  been  produced  altogether.  If  1  gram  of 
sugar  l)e  bume<l  in  the  body,  the  heat  produced  is  identically  the  same.  an(i  may  be  meas- 
ured with  great  a<'curacy.* 

In  the  translbrmation  of  water  at  100"*  to  steam  at  100°  there  is  a  further  absorption  of 

>  M.  Kubncr:  ZnUehriJlfUr  Biofogie,  1893,  Bd.  30, 8.  73w 
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heat,  the  latent  h«ut  of  steam.  For  1  gram  of  water  this  attsorption  amounU  to  536.5 
I'aJorittf-  This  proi>erty  of  waicr  is  of  great  value  to  life,  for  throiiph  the  heat  ahHorheJ  in 
the  evaiwratiuu  of  sweat  lh«  temperature  of  the  body  \a  in  part  regulated. 

Peroxide  of  Hydroeren,  H,Oj,  is  found  in  very  small  quantities  in  the  air, 
in  rain,  snow,  and  slect,  and  %vhere  there  is  oxidation  of  organic  matter. 
PrrpnTdtion. — (I)  By  the  aetion  wf  sulpliurie  arid  on  peroxide  of  barium, 
BaO,  +  H,SO,  -  BaSO.  -:   H,0^ 

(2)  Peroxide  of  hydrogen  is  a  product  of  the  oxidation  of  phasphonis,  and  generally 
exiflta  wherever  ozone  is  produeed. 

(3)  PcToxiilc  of  hydrojjcn  exists  wherever  noseeut  hydrogen  acts  on  oxygen. 
It  is  therefore  found  mixed  with  hydrogen  evoKetl  at  the  negative  |>ole  in  the 
electrolysis  of  water.  This  action  hapi^ens  in  putrefaction,  where  the  nascent 
hydrogen  unites  with  any  oxygen  prej«*nt,  and  the  resulting  H^O,  strongly 
oxidizes  the  organic  matter  thivjiigh  the  free  — O —  atom  liberate*!.* 

Properties* — Peroxide  of  hydrogen  is  a  colorless,  <xlorles.s,  bitter-taKting 
fluids  which  decomposes  slowly  at  2U°  F.,  and  with  great  violence  at  higher 
tennjeralures.  It  oxidizer  where  ordinary  oxygen  is  ineffective  ;  it  is  a  [jowerful 
bleaching  agent,  and  is  iiseil  to  proiluce  bluntle  hair.  It  destroys  bacteria.  BKxjd- 
oorpnscles  brought  into  a  wilutiou  of  H/),  l>ring  about  its  rapid  decotuposifion 
into  water  and  atomic  oxygen,  wliereby  oxygen  is  evolved  and  o\yha.>inoglobin 
is  converted  into  methtemoglobin.  If  oxyhteiuogloblD  be  brought  into  a 
putrefying  t1ui<l,  ihe  mtscent  hydrogen  withdraws  oxygen  fi-om  combination 
to  form  HjOj,  and  then  the  atomic  oxygen  reacts  on  hn^mogluLIn  to  form 
methffimoglobin.^  The  formula  for  the  peroxide  is  probably  H — O^O — II. 
In  i-ertain   cases  peroxide  tif  hydrogen  ha.s  a  reducing  action. 

Theory  of  Hoppe-Sryier^  to  account  for  the  Oj*(V/a//f>n  in  the  Bo<fy. — This 
maintains  that,  a.s  in  putrefaction,  hydrogen  is  produced  in  tlie  decom|M>5ition 
of  the  cell,  and  acting  on  the  oxygen  present  converts  it  into  peroxide  with 
its  unstable  atom,  which  tlien  splits  off  as  active  oxygen  and  effects  the  oxida- 
tion (if  tlie  .substances  in  ilic  cell.  This  ihc^Hy  is  easier  to  reconcile  with  the 
fact  that  oxidation  is  dependent  on  tlie  amount  of  decomposition  (see  p.  501) 
than  is  the  theory  of  Traube, 

Solutions  of  HfO,  do  not  liberate  iodine  from  iHit.iAsitmj  iodide  immediately,  hut  only 
on  the  addition  of  bloixl-forpusoles  or  of  ferrous  sulphate,  which  caucte  liberation  of — O — , 
an<l  then  any  stareh  prcHcnt  may  Im*  colored  hint'  (:4ci'  p.  WJ).  t^uaiacum  is  not  affected 
by  H]0|  unless  bliN>d-corpuscU!fl  or  ferrous  sulphate:  be  added  to  make  the  oxygen  active. 


ftUT^PHTTR,  S  ^  32. 

Sulphur  is  built  in  the  proteid  molecule  of  the  plant  from  the  sulphates 
taken  from  tJie  ground.  It  is  found  in  albuminoids,  especially  in  keratin.  As 
taurin  it  occurs  in  muscle  and  in  bile,  as  iron  and  alkaline  sulphide  in  the 


>  Hoppc-Serler :  Zeiixhriftfiir  phffioioffijieite  Chanif^  1878,  Kd.  2,  &  22. 
»  Hopiw-Sevler,  Op,  eit^  8.  26. 

*  Pflugrrti  Arakir,  Bd.  12,  8. 16, 1876.    See  alao  Beri^Oe  der  detitaeiim 
Bd.  22,8.2215. 
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feces,  as  sulphuretted]  bydrogen  in  the  intestinal  gust,  a:^  sulpliatc  and  other 
unknoHTi  oonipituuds  in  the  urine. 

Sulphuretted  Hydrogren,  H*8. — This  gas  is  found  in  the  intestines,  and 
pathologicjilly  in  the  urine. 

Preparation^ — (1)  Action  of  hydrochloric  or  sulpluiric   acid  on   ferrous 

eulnhide, 

*  FeS  +  H^,  =  FeSO,  +  H^. 

This  same  reaction  takes  place  by  treating  feces  (which  contain  FeS)  with  acid. 

(2)  F*roni  the  putrefaction  of  proteids,  and  by  boiling  proteid  with  mineral 
acid. 

Propertiea. — Sulphuretted  hydrogen  unites  readily  with  the  alkalies  and 
with  iron  salts,  forming  sulphide;  hence  little  H^S  is  found  in  the  intestinal 
tract.  It  is  a  stronp;  pois<jn  when  respired.  It  has  been  shown  to  enter  into 
cumbination  with  oxvha'Ukoglolifn  (o  I'onn  t^ulplt-lKeiiio^lcibin,  and  likewise 
in  frogs  it  rapidly  kills  the  ner\-es.'  SnlpluirettoJ  hydrogen  diluted  with 
hydro^n  and  intntduee*!  into  the  rectum  of  a  do^r  prodtiees  symptoms  of 
poisoning  in  one  to  two  minutes  (Planer).  It  has  an  oifensivc  cjdor  similar 
to  foul  eggs. 

Sulphurous  Acid,  HjSOj. — llii:*  aoiil  lias  Iwi-n  fVnirnl  m  the  xirine  of  oatfl  and  dogS| 
and  liua  t^oen  tlt.'t;ji.-lfil  by  Slriiuipell  iti  huiuaii  uriiiij  iti  u  trase  of  typhoid  fever. 

Sulphuric  Acid,  H3SO4. — This  afid  is  found  in  the  urine  in  combiuatior 
with  alkali  (preformed  sulphate),  and  with  indol,  skatol,  cresol,  and  ])henol 
(ethereal  sulphates).     It  is  fuund  in  the  siiliva  of  various  gastro|>ods. 

PrcparaHoii. — (1)  By  oxidation  of  sulphur  with  uilric  acid, 

S  +  2HNO3  =  H^,  +  2N0. 

(2)  By  oxidation  of  sulphur-containing  proteid. 

Pro]>eiiifn. — ?^ilphunV  aeid  is  a  very  powerful  arid.  It  is  produced  in  the 
body  by  the  burning  of  the  proteids  (whieh  eontain  0.5  to  1.5  ]>or  oent.  S), 
80  per  cent,  or  more  being  oxidi/ed  to  acid,  wfiile  the  remaimliT  npjvears  in  the 
urine  in  the  unoxidizwl  condition  termed  wnifraf  milphur.  When  proteid,  fat, 
and  starch  free  from  ash  are  fed  to  dogs,  they  live  only  half  as  long  as  they 
would  were  they  starving.^  for,  according  to  Bunge/  the  sulphuric  aeid  formed 
abstracts  necessary  salts  from  the  tissue.  (For  further  discussion  of  this  sec 
pp.  3o4  and  525). 

If  lOOdihie  eenlimcters  of  urine  bo  treated  with  *^  iMibio  iTiUiruL'tors  of  hydrocliloric 
acid  ami  barium  rhlijriile  he  addcd^  \\\\^  prrformrii  sulphariL'  acid  is  precipitated  as  barium 
sulphate  (BaSO,!,  whkh  wjuy  l>u  wiuihed,  dried,  and  weighed.  If  KJO  cubic  wntiiuetere 
of  urine  be  mixed  with  an  eipiid  vnlume  of  a  stilutiuti  conlaininR  barium  chloride  and 
hydrate,  filtered,  and  imtvhalf  Uh?  fiUmt*;  (  —  50  oiihit^  centinieMTS  of  urine,  now  free  of 
prf/omted  sulphate)  be  atrunirly  acidified  with  hydrochbrio  neid  and  Iwiled,  the  ethereal 
sulphates  will  be  broken  up,  and  (hu  R'Hulting  preL'i])itato  uf  buriiim  suljihato  will  corre- 
ipoad  to  the  HherttU  sulphuric  acid.    To  determine  the  neutrai  sulphur,  evaporate  the 

^  Harnack  :  Archivjur  expcrimmtdle  Pntholo^e  und  Pharmakoloijie,  JS94,  Bd.  34,  S.  166. 

*  J.  Fost«r :  Ztihchri/i  fiir  Bioloijie,  18T3,  Bd.  9,  S.  297. 
'  Physioiogiacke  Ckmi€y  2d  ed^  1889.  p.  101 
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urine  to  do'no&s,  fuse  llie  residue  with  iMrtiuwintn  nilralo  (KNOj),  which  oxidixea  a11-lhe 
sulphur  to  sul|)hat(s  take  up  with  wattT  and  hv-iiroi'Moric  aeid,  add  barium  chluridc,  and 
the  prcoipitate  (HaSO^i  ropn^sontx  th(i  toml  sulphur  preH?nt.  Deduct  the  anioutit  helone- 
\m\i  to  Hulphuriti  aoid,  prtrvioujily  dettTinijjed,  and  iht*  ri'uiaiiider  n^prcftLiits  the  neulnU 
sulphur. 

Metakolism  op  SrLPiU'R. — The  total  amount  of  sulphur  in  tlie  uiine 
runs  pfoportionnlly  |MiniHrl  with  the  aniouut  of  nitrof!;i!n  ;  that  is  to  sa\\  the 
amtiunt  is  pro^xirtional  to  the  amount  of  pixttcid  (le!?li-oved.  The  amount  of 
ethereal  suljdiiU*^'  is  do|x?[n.lont  upon  tho  pntrefaotive  proiluotion  of  indol, 
skatol,  phc'nfd,  and  ci\;8ol  in  the  iutestinal  t^inal,  wlnoh  on  absorption  form  a 
syntlietii^l  c(»ml»tnution  with  the  traces  of  sulpliate  iu  the  blood.  Conceruing 
neutral  .sulphur  it  i.s  known  that  taiirin  is  one  source  of  it.  If  taurin  l)e  fed 
directly,  the  amount  of  neutral  snlpjair  in  tlic  urine  increases  (Salkowski),  and 
in  a  dog  witii  a  bilinry  fistula  the  neutral  sulphur  decreases  hut  does  not  en- 
tirely dj.sap|»ear.'  In  a  well-fed  doij  with  a  biliary  fi.stula  Voit^  found  the 
quantity  of  sulphur  in  the  bile  to  l)e  alxiut  10  to  !•*$  j>er  cent,  of  tliat  in  the 
urine.  This  l>iliary  sulpliur  (taurin)  is  nfirmally  reabsorlx'd,  as  the  quantity 
of  Huljdiur  iu  tho  feeo*  (Ft^S  ^Hj^)  i**  small  and  diTiviH]  prineijMilly  fn»m  pro- 
teid  putR'faction.  The  amount  of  neutral  sulphur  iu  the  urine  is  greatest 
under  a  meat  diet,  least  when  fat  or  gelatin  is  (Ilh.1  ;  the  Hul[»lnir  of  gt^latin 
is  very  small  in  quantity.  In  dyspnnpa  the  amount  of  neutral  sulphur  in- 
creases in  the  urine,  on  account  uf  iusuflieient  oxidation.'  The  neutral  sul- 
phur of  the  urine  includes  |KitiissIum  suli>luK*yanide  (originally  derived  from 
the  saliva),  likewise  a  substance  which  on  treatment  with  calcium  hydrate 
viclds  etlivl  sul]>hide,  (f'^Hj^S,*  and  there  are  present  other  imknown  eom- 
|K)nnds  (see  p.  547).  M'hen  an  animal  eats  pn^teid  ami  neither  jjains  nor 
loses  the  same  in  his  Knly,  the  amount  of  sulphur  luge«ted  is  equal  to  the 
sum  of  that  found  in  the  urine  and  feces.  If  sulphur  be  eaten,  it  partially 
appears  as  .sulphate  in  the  urine.  Sulphates  eaten  pass  out  through  the  urine. 
They  play  no  part  in  llie  life  of  the  cell, 

Chi^rine,  CI  =  35.5. 

Free  chlorine  is  not  found  in  the  oiyanism,  and  when  hreatlied  it  vigor- 
ously attd<>ks  the  respinitor^'  nnicoua  membranes.  Chlorine  is  found  combine<l 
in  the  ImmIv  iL'iswHum,  |witiissiurn,  and  <*aleinm  chlorides,  as  hydrochloric  acid, 
and  it  is  said  to  belong  to  the  constitution  of  pej>sia.* 

Hydrochloric  Acid.  HCl,  is  found  to  a  small  extent  in  the  gastric  juice. 

I'rfjuinifioH. — (I)  If  Kiinlighr  atifi  on  a  mixture  of  cquid  vulumea  of  chlorine  and 
faydrugen,  they  unite  with  a  luud  exploaioa. 

'  Kunkel :  AnhipJUr  dU  paammte  PKifnoiogv^  1877,  M.  M,  8.  353. 

'  Zcitmrhrift  fur  Binirujir,  1894,  Bd.  30,  S.  664. 

■  flsntoclc  and  Kleine:  Zfitxhrifi  fur  Bioloijie^  1899,  Bd.  37,  a  417. 

♦  J.  J.  Ab*-1  :  ZeiUchriJt  fur  physwlogim-he  Chfmir,  1804,  Bd.  20,  S.  263. 

*  R.  O.  Srhoumow-Himanowski :  Arthiv  fir  eiper.  Bathoiogit  und  PharmaMoytr-t  1894,  Bd. 
33,  &  336. 
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j(2)  By  the  action  of  strong  sulphuric  acid  on  common  salt, 

2NaCI  4-  H,SO,  =  Na,SO*  +  2HCI 
(3)  By  the  action  of  primary  acid  phosphate  of  sodium  on  common  salt, 
NaCl  +  NaH.FO,  -  Na,HrO,  +  HCl. 

This,  aroortliuf^  to  Maly ,  represent*;  tlic  process  in  ihc  cells  of  the  gastric  fijlands. 
Properties. — Hydrochloric  acid  readily  unites  with  most  metals,  forming 
chlorides.  It  causes  a  gelatinization  of  the  proteids  and  seems  to  unite  with 
tiicni  chciiiically.  Siii'li  gclalinizutii)!],  Jh  a  ueccssar)'  forerunner  of  |M?ptic  di- 
gestion. The  (^leavagc  producLs  of  peptic  digestion  (peptones,  proteoses,  etc,) 
combine  with  niort  hydnxhloric  acid  than  the  original  more  complex  proteiJ/ 
Free  hydrochloric  acid  of  the  strength  of  the  gastric  juice  (0.2  per  cent.) 
inverts  canc-su^ar  at  tlic  temperature  of  the  Ujdy,'and  inhibits  the  action  of 
bacteria.  IIy<Uvi.*bloric  acid  is  derived  from  <h'Coniposhion  id*  cliloridcs  in 
the  secreting  cells  of  the  stomach.  It  Iras  been  shown  that  the  excretion  of 
conunon  sidt  in  the  nrinc  in  dctTCfised  during  tln^si*  hmirs  that  the  stomach  is 
active,  while  the  acidity  of  the  urine  decreases.  If,  in  u  dog  with  a  gastric 
fistula,  the  mucous  membrane  of  the  stomach  be  stimulated  and  the  gastric 
juice  he  removed  a*  s<:)on  as  ibnufni,  llie  urine  bc(X)me-s  strongly  alkaline  with 
sodium  carbonate  (the  cxctsw  of  Na  libemted  taking  this  form)  while  the  chlo- 
rides may  entirely  disappear  from  the  urine."  Re.-^pinition  in  an  atmoephere 
containing  0.5  per  cent  HCl  gas  becomes  very  uncomfortable  after  twelve 
minutes.'' 

If  the  bus*!s  (K.  Na,  Ca,  iM>;.  Fe)  uf  irastrie  juit-e  and  then  die  acid  radicals  (CI  aud 
PjOrJ  Ijc  detenuitiod,  and  die  jiliosulinric  luiliydride  be  united  with  the  projKT  haavn,  and 
then  iliWim*  wiih  the  rost  of*  (he  bascfi,  tlu^n^  ftlill  rfiuftina  an  oxwiw  itfcblnrini^  which  can 
only  have  Itelunj-'od  lo  ihe  hyilroi-hlorir  nrirj  jtrefiiMit.  Tu  detLVtlrce  li.viIrnrliloriL'  U4*id  put 
three  or  four  drops  of  a  saturated  aleolioUcgohitinnni'tropajuIin  UOin  a  small  wliite  porcelain 
cover,  add  to  this  an  c<|ual  ijUKiitity  of  ^nstric  juice,  ^-vajxirate  hIowIv,  and  the  presence 
of  hydnK-hluni*  acid  is  shown  by  a  !x*auliful  violo!  color,  not  given  by  any  orpanic  acid.* 
Gunzburg  s  reagent  consisting  of  phloroglut;in  and  vanillin  in  alcoholic  »jlution,  warmed 
{aa  above)  with  Kostric  juice  containing  free  hydriK-hloric  acid,  gives  a  carmioe-rpd 
mirror  on  the  porc-ohiiti.  not  given  by  an  organic  acid.^ 

CiiLoHLVE  IN  THE  BODY  is  lugestcd  as  chloride,  and  leaves  the  body  as 
such,  princi|Mdly  in  the  urine,  likewise  through  the  sweat  and  tears,  and  in 
traces  in  the  feces. 


Bkomine,  Br  =  80. 

Salts  of  bromine  are  found  in  marine  plants  and  aninialn,  but  ihuir  pbysiologieal  im- 
portance has  not  been   established.     Bromine  is  a  fluid  of  intensely  tlisagreeable  odor, 

*  Chittenden :  Oirtwright  Ltrturea  on  DigtMive  ProteoltfsU,  1895,  p.  52. 

■  Ferris  and  Liisk  :  American  Joumtit  nf  Phyniologt/t  1898,  vol.  i.  p.  277. 

*  E,  O.  fckhoutnow-.Sinianowflki :  Archiv  fur  exper.  Pathologic  und  PharmakotogU^  1894,  Bd. 
33.  S.  336. 

*  Lehniann  :  Archiv  fur  Hygiene^  Bd.  5,  8.   1. 

*  Boas :  Deutsfht  mediciniscJu-  UorAcHjicAri/r,  1887,  Xo.  39. 

*  Uiinsburg  :  Cenlralblatt  fir  klinixhe  A/edictis  1837,  No.  40. 
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vapors  strotijcly  attack  the  akin,  turning  it  brown,  and  likt*wii»c  the  mucoiu  mem- 
hranffl  of  the  rcsplmtnry  nossages. 

Hydrobromio  Aoid,  liBr,  may  be  prepared  by  the  action  uf  water  on  pbuepbonia 
iri  bromide, 

PBr,  +  3n,0  =  alTBr  +  H,PO,. 

It  ia  a  colorless  ga8  of  penetniting  odor.  If  audium  bromide  be  given  Xxs  a  dug  In  Uie 
place  of  sodium  chluride.  fifty  per  cem.  and  mure  of  the  hydrochloric  acid  may  Iw  wip- 
plunted  by  hydrobruuii<'  acid  in  the  gut^trio  juice.'  The  variutw  ofKaiw  are  theu  found  to 
coutaiu  bromine,  especially  the  kidneys'  through  which  it  may  be  eliminated. 

Iodine,  I  =  127. 

Like  bromine,  the  salts  of  iodine  arc  fuiuid  in  many  marine  plants  and  animals.  efl|ie- 
cially  iu  the  r/A/tr.  It  is  loutid  in  the  thyroid  ^4und.  Iodine  i»  prepared  iu  metal  lie- looking 
plates,  almost  insoluble  in  water,  but  soluble  in  alcohol  Uincturc  of  iodine).  Iodine  ia  still 
more  strongly  eorroflive  tn  its  action  on  animal  tissue  tlian  is  chlorine  or  biumine,  and  \&  an 
antiseptic  and  dismre<'tant.     A  slight  trace  ol"  free  itMlinc  turns  stunli  blue. 

Hydriodio  Aoid,  HI,  in  prepared  like  hydrolironiic  acid,  by  the  action  of  water  on 
tri-iodide  of  phosphorus,  An  inincoiis  solution  of  hydri"nlio.  acid  intnxluccd  into  the 
stomach  is  absorlK^l,  and  shnrtly  allcrward  iwlinc*,  as  alkaUnc  iodide,  may  l>c  detected 
in  the  urine.  On  administration  of  sodium  iodide  to  a  dog  with  his  food,  only  very 
little  hydriodic  acid  apiicars  iu  the  gastric  juiceJ 

Cittcui^\TiON  IN  THE  Bopv. — Iodine  or  itnlides  given  ore  rapidly  eliminated  in  the 
urine,  in  smaller  amounts  in  sjdiva.  gastric  juice,  sweat,  milk.  etc.  It  is  noticed  that  for 
week^  after  the  adniinislratiun  of  ihc  laat  dose  of  ptitjis.su]n  iodide,  truces  of  iodine  are 
found  in  the  s;i1iva,  and  none  in  the  urine,  The  explanation  lies  in  the  presuuiptiou  that 
iodine  has  been  united  with  proteid  lo  a  certain  extent,  and  appears  in  such  sccretiooa  aa 
saliva,  which  contains  materials  derived  from  protcid  through  glandular  manufacture.' 
A  similar  explanation  avails  in  the  case  of  Oreehscl's*  diseovcrj'  that,  in  palieniA  who 
have  been  treated  with  iiMiides,  iodine  may  l>c  delcetiMi  in  the  hair  (the  keratin  of  hair 
being  derived  from  other  pruteid  IhkUcs.  )  Whether  free  ii^line  <»r  hydricHlic  acid  is  liV»er- 
atc'd  in  the  tiKnue.-j  trom  )iti:L'.Htcd  iodides  are  di.^'putod  [wints.  Bauniuiui*  discoverer!  an 
organic  couipound  of  iodine  oueurnng  in  the  thyroid  gland  and  contuining  us  much  at  0.3 
percent,  of  iodine.  Koos'  states  that  this  t1i)Toimline  from  slicep's  th>Totd  constantly 
ooDtains  about  h  |>er  cent,  of  iodine.  When  fed  it  increases  the  metabolism  of  proteid  ajid 
fat*  and  acts  as  an  aniitoxine.  According  to  Blum,"  the  io<1ine  is  eumbined  with  the  pro- 
tei<?5  of  the  thyroid  in  varjing  ([uantiiy,  ami  any  liberated  iodine  may  act  within  the  thy- 
roid to  destroy  toxic  l>odie.s,  especially  nen-e  toxincs"*  Oswald."  on  the  contrar>%  states 
that  the  effective  principle  of  the  thyroid  is  a  thyroglobulin  containing  1.66  per  cent,  of 
iodine.  Thi.t  tb>T0g)oL)uUn  treated  with  acids  yields  thyroioiline,  which  eontaiiu  14.4 
per  cent,  of  iodine.  Thyroids  which  contain  no  iodine  have  no  physiological  effect 
apon  metabolism.''' 

'  Nencki  uid  Schoumow-Simanowski :  .4rcAir_/ur  trprt.  Paiholog\e  und  PKormakolofpe,  1895, 
Bd.  34,  S.  320. 

'  Ko«nthal:  ZeiUchrt/t  fur  physioiogiMht  fhanie^  1896,  Bd.  22,  S.  227. 

*  Nencki  and  Schomnow-.KimanowBki :  Loc.  riL 

*  Schmiedfbcrg:   GmmiriM  drr  AneinmitlelUhrf.^  2d  ed.,  1888,  S.  197. 

•  Onitralhlatt  hir  PhytiiUoijie^  181*6,  Bd.  9,  S.  704. 

•  ZtiUrhrififhr  phy^iologilehe  Chemit,  1895.  Bd  21.  S.  319.       '  /WdL,  1898,  Bd.  25,  R  1. 

•  Voit,  K. ;  Zriiju-'hrifi  fur  Bioi»ffie,  1897,  Bd.  36,  8.  116. 

*  ZeiUchnft  Oir  phyiiioiogi$rh<  Chfmi<,  1808»  Bd.  36,  S.  I6a 
»•  Blum:  lyu.jfj't  Ankir,  1899.  Bd.  77,  S.  70. 

»  ZritM-hri/t  fii,  pkytioioffw-he  f  *An«i>,  1899,  Bd.  27,  8.  14. 
"  Row,  K.  :'/friV/.,  1899.  Bd.  2S,  S.  40. 
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FLroRiXE,  F  =  19. 

Fluorine  is  found  in  the  bones  and  teeth,  in  muscle,  brain,  blood,  and  iu 
all  LDvestigatcd  tissues  of  the  body,  though  in  minute  quantities.  In  one  liter 
of  milk  0.0003  gram  of  fluorine  have  l>een  detected.*  Fluorine  is  found  iu 
plants,  and  in  soil  without  fluorine  plants  do  not  flourish.  It  seems  to  l>e  a 
neccsBary  constituent  of  protoplasm.  Free  fluorine  is  a  gas  which  cannot  be 
()r(X'r\-ed,  as  it  unites  with  any  vessel  in  which  it  is  prepared. 

Hydrofluoric  Acid,  HF,  i»  prepared  by  heating  a  fluoride  with  concentrate!  buI- 
pburic  acid,  in  a  platinum  or  lead  dish, 

C.F.  +  U^0»  =  CaSO.  +  2nF. 

/Vopfrficf.— Hydrofluoric  acid  is  a  colorless  gaa,  so  powerfully  corrosive  that  breathiivi? 
itH  fumee  resnlts  fatally.  Its  aiincous  solutions  are  stable,  hut  can  be  kept  only  in  vessels 
of  platinum,  gold,  lead*  or  india-rubber.  It  etches  glass,  uniting  to  Forui  volatile  silicon 
fluoride, 

SiO,-f-4HF  =  SiF,+  2H,0. 

ClBCtTLATioy  IX  THE  BoDY. — Tappeiner  and  BrandP  have  shown,  on 
feeding  sodium  fluoride  (XaF)  to  a  dog  in  doses  varying  between  0.1  and 
1  gram  daily,  that  the  fluorine  fed  was  not  all  recoverable  in  the  urine  and 
feces,  but  was  partially  stored  in  the  body.  On  subsequently  killing  the  dog, 
fluorine  was  found  iu  all  the  organs  investigated,  and  was  especially  found  in 
tlie  dry  skeletal  a^h  to  the  extent  of  5.1E*  per  cent,  reckoned  as  sodium  fluoride. 
From  the  microscopic  appearance  of  the  crystals  seen  dcjHisited  in  the  bone,  xh^ 
presence  of  calcium  fluoride  was  concluded.  In  this  form  it  uormally  occurs 
in  bones  and  teeth. 

Nitrogen,  N  =  14. 

Free  nitrogen  constitutes  79  ]>er  cent  of  the  volume  of  atmospheric  air.  It 
IB  found  dissolved  in  the  fluids  and  tissues  of  the  b*xly  to  about  the  same  extent 
as  distille*!  water  woiilil  di«solve  it.  It  i.s  swallowed  with  the  food,  may  par- 
tially diflusc  tJjrough  the  mueous  membrane  of  tlie  intestinal  tmot,  but  forms 
a  considerable  constituent  of  any  final  intestinal  gas.  It  is  found  in  the  atmos- 
phere combuied  as  ainmoninin  nitrate  ami  nitrite,  whi<'h  are  usi'ful  In  furnish- 
ing the  roots  of  the  plant  witii  material  from  which  to  build  up  proteid. 
Bacteria  upon  the  rootJS  of  certain  vegetables  combine  and  assimilate  the  free 
nitrogen  of  the  air  (Hellriegel  and  Willforth],     Cultures  of  nIg(F  do  the  same.' 

I\ejHiration. — (I)  By  abstraction  of  oxygon  frtmi  air  thn>U)a:h  buniing  phosphorus  in 
A  bell  jar  over  water,  pentoxiJe  of  pl»osphorus  bting  fumiuJ,  which  dissolvca  in  the  wat«T 
and  alnir>f«t  pure  nitrogen  remains. 

(2)  By  heating  nitrite  of  amaioiiium, 

Properties, — Nitrogen  is  especially  distinguished  by  the  absence  of  chemical 
affinity  for  other  elements.     It  does  not  support  combustion,  and  in  it  both  a 

>  G.  Tammann  :  Zciltehnfi  jur  pKtjsioloffuehe  Otemie,  1888,  Bd.  12,  S.  322. 

»  Zeitvrhrift /Or  Bwloyic,  1892,  Bd.  28,  *S.  518. 

*  P.  KoBHOwitch:  Jiotani*ch£  Zeihing,  IS^-I,  Jahrg.  fiO,  &.  97.  j 


THE   CBEMIHTHY  OF  THE  AXIMAL   BODY. 

flame  and  animal  life  are  extingui^heili  owing  tu  lack  of  oxygen.  It  turts  as 
a  diluent  of  atmospheric  oxygen,  thereUy  retarding  combu8tion,  but  on  Itigber 
animal  life  it  is  certainly  without  dire<*t  inrtnence. 

Ammonia,  NH^,  is  found  lu  the  utmospliere  or  uitmte  and  nitrite  to  the 
extent  of  one  pu't  in  uue  niiltiun.  It  is  found  in  the  urine  in  *^mall  quantitic8y 
is  a  constant  prtxiuct  of  the  putrefaction  of  animal  matter,  and  is  :i  pri.>iluct  of 
tryjisin  pnjt('f)ly.*^i?*. 

Preparation. — (I)  Thixjugh  the  action  of  nascent  hydrngcii  on  nascent 
nitrogen.     This  may  be  brought  about  by  dissolving  zinc  in  nitric  acid, 

3Zn  ^  6HNO5  =  aZnlNO^),  ^  6H. 

ion  -f  211NO5  =  eiijO  -r-  2^^ 

N  +  3H  =  NH,, 

Ammonia  i.s  prmhictHl  in  a  similar  way  in  the  i\ry  distillation  of  nitro- 
genous organic  ^iibitaiices  in  absence  of  oxygen,  being  therefore  a  by-pnxkict 
in  the  manufacture  of  coal-gas.  In  putrefaction  nascent  hydrogen  acts  on 
nascent  nitrogen,  producing  ammonia,  wliich  in  the  presence  of  oxygen  becomes 
oxidized  to  uiti*ate  and  nitrite,  or  in  the  presence  of  carljonic  oxide  i.s  eoii- 
verteil  into  aniniunium  carl>omite.  Anuuouiuia  nitrite  is  likewist*  fonneii  on 
bnraing  a  nitrogenous  body  in  the  air,  lu  tlie  evaporation  of  water,  and  on  the 
discharge  of  electricity  in  moist  air, 

At  the  same  time  a  small  amount  of  nitrate  is  formed  in  the  above  three 

prooeeses, 

2N  +  2H,0  -f  O  =  NH.NOj. 

Hence  these  substances  find  their  way  into  every  water  and  soil,  an<l  furnU 
nitrogen  to  the  plant.  The  value  of  decaying  organic  matter  as  a  fertilizer  is 
likewise  (jbviou?i. 

PropertUtf. — Ammonia  is  a  coloi'less  gas  of  pungent  iwlor.  It  readily  dis- 
solves in  water  and  in  acids,  entering  into  chemiral  ocmiftination,  the  radiiral 
XII^  appearing  to  act  like  a  metal  with  pro[>erties  like  the  alkalies,  and  its 
salts  will  be  describe<l  with  them.  Very  Muall  amounts  of  ammonia  insmntly 
kiil  a  nerve,  but  upon  muscular  substance  it  acts  first  as  a  stimulant,  provok- 
ing contractions  :  1  part  of  ammonia  In  5t.H)  of  water  will  kill  an  amceba,  and 
1  part  in  10/KX»  will  slow  and  liniitly  arn*st  ciliary  nn>tiou.' 

Ammonia  in  thk  Body. — If  it  be  agreed  with  Hoppe-Seyler  that  normal 
dec*)m|K>sition  in  the  tissues  is  analogouf^  to  putrefacti(»n.  then  nascent  hvdrogen 
acting  on  nascent  ni(n>gen  in  the  cell  pnxiuc**  ammonia,  wliieb  in  the  presence 
of  carbonic  arid  W^imes  amuKmium  carbonate,  and  in  turn  may  be  ronverted 
into  urea  by  the  liver.  If  aciils  (HCI)  l>e  fed  to  ttirnivora  (dogs)  the  amount 
of  ammonia  pnaent  in  the  urine  is  increasetl,  which  indicates  that  an  amount 
of  ammonia  u^sually  converted  into  urea  has  l>ecn  taken  for  the  neutralization 
*  Ikikorn/ :  P/«yrr*i  Arekir,  ISflo,  Bd.  69,  S,  557. 
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of  the  acid.'  lu  a  siiuilar  manner  acids  formed  from  decomposing  proteid 
may  be  neutralized  (see  pp.  606  and  ooO), 

Tlio  amtiioniactit  fenm'ttttttiou  cif  tlie  urine  <^onHistfi  in  the  tleeoiupiTaition  of  urea  into 
aamioiiiuui  carbonate  by  the  micrrtcocat*  nnna\  the  urine  becoming;  alkahno. 

Compoimds  of  Nitrogen  with  Oxygen.— Tlicre  are  various  oxides  of  nitrogen,  the 
hiiirhfr  om-a  U-iiitr  puwirt'iilly  corrosivu.  anil  souie  of  lliese  unite  with  water  to  form  acirls, 
of  which  nttrk"  aci-i  lIlNC.)))  iii  the  htrongest.  Only  nitit>us  and  nilric  oxides  are  of  ph>'si- 
oWgioal  inlerost. 

Nitrous  Oxide,  N,0,  likewise  eallod  "laughing-gas,"  is  propured  by  heating  amnio- 
nium  niLraie, 

NH.N0,  =  N,0-r2HA 

It  supports  ordinary  combustion  aliiioet  as  well  as  pure  oi>'gen,  but  it  will  not  sustain  life. 
l^Iixed  witli  oxygen  it  may  be  respired,  producing  a  state  of  uuoonsciousncas  preceded  by 
bvtitorinil  Ittuphter. 

Nitric  Oxide,  NO,  is  prepared  by  dissolving  copper  in  nitric  acid, 
3Cu  +  8HN0,  =  3Cu(  NO,),  -\-  4H,0  -\-  2N0. 

Contact  with  oxygen  converts  it  into  jicroiiile  of  uitrotren  (NOa),  which  is  nn  irritAting 
irrespirable  gas  of  reddish  culor.  Nitric  oxide  in  LUxkI  first  uuitcs  with  the  oxygen  of 
oxyhasmoglobin,  fonnin;L'  the  jiernxiilc  (NO,),  and  then  the  nitric  oxide  combines  with 
hsemoglobiiif  forming  a,  highly  stable  compound,  nitrie-oxidc  huetnoglobin  (Hb-NO). 

Nitrogen  in  the  Body. — Nitrogen  is  taken  into  the  body  combined  in 
the  great  group  of  proteid  substances*,  which  are  normally  completely  al>sorbeii 
by  the  intestinal  tract.  It  passes  from  the  bo4iy  in  tlie  form  of  simple  decom- 
pa"*ition-pro<hicts,  in  hirgcr  j)art  throngh  the  urine,  but  likewise  tlirough  the 
jiiitt's  which  pour  into  the  inte.stinal  caiiak  The  unabsorlxsl  residues  of  these 
latter  juices,  mixed  witli  intestinal  epithelia  constitute  in  greater  part  the /«;««,* 
An  almor-t  insigiiilicant  amount  of  nitrogen  is  fuither  lost  to  the  bod}'  through 
the  hair,  nails,  and  epidermis,  but,  generally  sjx^aking,  the  sum  of  the  nitix)gen 
in  the  urine  and  feces  corresponds  to  the  proteid  decomposition  for  the  same 
time  (1  gram  N  =6.25  grams  pi-oteid).  Wlieii  the  nitrogen  of  the  proteid  eaten 
is  equal  in  quantity  to  the  sum  of  that  in  the  urine  and  feces,  the  body  is  said 
to  lie  in  nitrogenous  cgniUhrium.  When  the  ingested  nitrogen  has  been  larger 
than  that  given  oflP,  proteid  bus  been  added  to  tlie  sul>stance  of  the  lH)dy ;  when 
smaller,  proteid  hasi  been  lost.  These  propositions  were  established  by  Carl 
Voit. 

A  small  amount  of  urea  and  other  nitrogenous  Rubstances  may  be  excreted  in  profuse 
sweating.  Proteid  nitrogen  never  leaves  the  Ixidy  in  the  form  of  free  nitrogen  or  of 
amnionia.  That  ammonia  is  not  given  off  by  the  lungs  may  be  Jen»oiiHtrale<i  by  perform- 
ing tracheotomy  im  a  rabbit,  and  passing  the  expired  air  first  through  pure  potassium 
hydrate  (to  absorb  COj)  and  then  through  Nesslefs  reagent  The  experiment  may  be 
ooDtiLued  for  hours  with  negative  rcAult* 

*  Fr.  Wallher:  Archtv  Jur  aper.  Pathohgie  und  PharmakobigU,  1877.  Bd.  7,  8.  IM. 

*  Henichanli  and  Pmusniu:  Xeitxhrift  J^  Biototyie,  1804,  Bd.  30,  S.  353. 
'  Bachl :  Zeit*chrijl  Jur  BioloffU,  1869,  Bd.  5,  B.  61. 
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Phosphords,  P  ='32. 

Phosphorus  is  found  combined  as  phosphate  in  the  soil;  it  ia  neoeasaiy  to 
the  developriu'nt  of  plants.  As  phof^pliiiit!  it  is  present  in  lar^t*  quantity  in 
the  bone^j  ami  i^  found  al^>  in  all  the  cells,  ti^Hues,  and  fluid!*  of  the  bo<ly, 
probably  in  loose  chemical  combination  with  the  proteid  molecule.  It  is  pirs- 
ent  in  nucleinj  protagon,  ;in<l  lecithin. 


I^fparation, — Phoephorua  was  first  prepared  by  igoiting  evaporat<?d  urine, 
3NaH,P0, 4-  5C  -  3ll,0  -r  SCO  -t-  2P  +  Na,PO,. 


i 


Tn  a  similar  way  it  may  be  obtained  by  chemical  treatment  of  bonefl.  TTio  vapors  of 
])h<l^l^h^)rlLs  may  be  oondenHwi  by  passing  ihcm  under  water,  where  at  a  temperature  of 

44.4"  th*.'  ph(.«sph(»riiH  ludls  utnl   luay  Ik*  (.-ilsI  irilo  t^lk-ks. 

Propertitvt, — Pho«phorii!n  ix  a  yellow,  cr>*8tallinc  sulwtance^  soluble  in  oils  and  carbon 
dit^iilphiile.  It  iti  itiHoliiblo  in  water,  in  which  it  18  kept,  siiu-e  in  muist  air  it  givei^  off  a 
feeb!e  glowing  light.  aeciiti]piiiiie(]  by  white  ruiiies  of  phoHphoniiiR  acid  1  HgT^),]  and  small 
amounts  of  ammonium  nitrate,  peroxide  of  hydrogen,  aod  ozone,  to  which  latter  the 
I>eeuliar  odor  is  aa-ribed.  I'luwphurus  ignites  BjwntaneouBly  at  a  tem|ierature  of  60**,  and 
thirt  may  be  produit-tl  by  nun-  liaridling.  the  resulting  bums  being  severe  and  dangerous. 
This  form  of  phosphorus  is  tHji&jiioiis,  but  if  it  Ix'  heiited  to  'J.>0°  in  a  neutral  gas  (nitrogen) 
it  is  changed  into  red  phuH])horiis,  which  h&a  different  properties  and  is  not  poisonous. 

Phoaphorus-pouioning. — On  itijecting  phoq)horus  dissolved  in  oil  into  the 
jugular  vein,  eml>olisins  are  prtKlueed  by  the  oil  in  the  capillaries  of  the  lungs, 
the  e.xpiretl  air  cttntaiii.s  fumes  of  phosphorous  acid,  and  the  lungs  glow  when 
cut  out  (Mugcndic).  If  the  phosphorus  oil  be  injected  in  the  form  of  a  tine 
emulsion^  emlx>lism  is  avoidwl,'  and  the  fine  fiarticles  of  phosphorus  are  g».*ncrally 
di8tril)Ute<I  thrtnighont  the  circulation.  On  nutnpsy  of  a  rabbit  after  such  iujeo 
tion  in  tJic  fcnionil  vein,  all  the  organs  atul  I do<xl- vessels  glow  on  cxi«isnre  to 
the  air.*  If  two  portions  of  arterial  blo4Hl  be  taken,  and  tmc  of  them  be  mixed 
with  phosphoriu*  oil,  and  ihcy  be  let  stand,  Uith  portions  become  venous  in  the 
same  time.*  Henc*e  phosidioriis  in  blon<l,  as  in  water,  is  not  readily  oxidized. 
Pcrwns  breatliini^  vajMirfd"  phosphorus  acquire  ]>hosphorns-poisoning.  What 
the  <Iirect  action  of  phosphorus  is,  is  unknown,  but  the  results  are  most  intcr- 
cstitig.  To  iindorstand  the  results  it  may  be  supposed  that  proteid  in  decompos- 
ing in  the  body  >^pli(s  ii]>  into  a  nitrof/rmuM  jmrtion,  the  nitmgeu  of  which  Hnds 
itti  exit  tliron^:h  tlie  urine  and  feces,  and  a  non-nitrogenous  portion,  which  is  re- 
ro1v»h1  into  carbonic  oxide  and  water,  just  as  are  the  sugars  ami  the  fats.  This 
carbonic  acid  is  given  oft*»  fur  the  nunst  [lan,  tlirongh  the  lungs.  Now  if  a  starv- 
ing dog,  which  lives  on  his  own  fiesh  and  fat,  l)c  pnisimed  with  phosphonis, 
the  proteid  decuinposition  as  indi^^tctl  by  the  nitrogen  in  the  urine  is  largely 
increased,  wliile  (lie  amounts  of  carlxmic  acid  given  off  and  oxygen  al>sorbed 
are  largely  *ie('iva'*«-tl ;  on  jxxst-niortoin  examination  the  organs  are  found  to 
contain  excessive  quantities  of  fat.  We  have  here  presumptive  evidence  that  a 
part  of  the  proteid  molecule  usually  completely  oxidizc<l  has  not  been  burned. 


'  L.  Hermann:  Pjlwfrr't  Ankw,  1870,  Bd.  3,  a  1. 

>  H.  Meyer :  .4rcAit-  jur  ctper.  PbiitoiogU  wd  PhttrmakaLagUy  1881,  Bd  14,  S.  327. 
»  Meyer,  Op.  cit.,  S.  329. 
Vol.  I.— 33 
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but  has  been  converted  into  fat,^  Similar  results  arc  charaetoristic  of  arsenic 
and  antimony  poisoning,  and  of  yellow  atrophy  of  the  liver,  Rosenfeld  has 
reeeritly  shown  that  niucJi  of  the  Hit  fiiniMl  in  tlte  liver  ttf  a  doj^  poir^tned 
with  phosphorus  i.s  hi  transported  from  tfie  I'at  rej)ositorie.s  of  the  body  (fatty 
infiltration).  The  high  protoid  metabolism,  however,  of  itself  would  indicate 
th<^  retention  nf  an  unhiirned  part  of  the  protoid  moleeiile,  whirh  In  this  case 
proUddy  appears  m?  fat*  (i'atty  dt-p^eneration.  see  p.  559).  A  i)andlel  case  of 
higii  proteid  metabolism  is  seen  in  diabetes,  where  sugar  from  proteid  remains 
iuii)iirn('d. 

Compounds  of  Phosphorus  with  Oxygen. — Of  these  etinijwuuids  three 
oxides  and  several  acids  exist,  but  only  inotu-  and  orthophosphoric  acid  need 
attention  here. 

Phosphorus  Peroxide,  PjO^,  is  a  while  powder,  which  rapidly  ulisorbs 
moisture;  it  Is  produc-ed  by  burning  iiliosphorus  iu  dry  afn 

Metaphosphoric  Acid,  HPO^,  is  said  to  occur  combined  in  nuclein. 

Preparation. — (1)  By  tUssolving  Ffl^  in  cold  water, 

PP,  +  II,0  =  2HI*03. 

(2)  By  fusing  phosphoric  acid, 

ll^PO.^HPO^  +  HjO. 

It  is  converted  slowly  in  the  cold,  rapidly  on  heating,  into  phosphoric  add. 
Crystalline  it  forms  oniinary  glacial  phnsphoric  acid.  Meta[ihaHphoric  add 
precipitates  proteid  from  s*)hjtion»  yielding  a  body  said  to  be  pseudonuclein,* 
but  this  svi'ins  to  iw  untrue*  (ser  p.  579J. 

Orthophosphoric  Acid,  HjPOj. — Salts  of  this  acid  constitute  all  the  in- 
organic compunuds  of  plmsphorus  in  tlie  botly,  and  arii  called  phosphates. 

Preparation. — (1)  By  heating  solutions  of  metaphasphoric  acid, 

HP(>,+  H/)=H3pO,. 
(2)  By  treating  Ixjne-asli  with  sulphuric  acid, 

Ca/r'^iX  +  3H3SO,  =  SCaSO,  -f  2H3PO,. 

Properties. — On  evaporation  of  the  liquors  obtained  above,  the  acid  separates  io  color- 
less hyi^roscopic  crj'stals. 

Plioflphorir  a*:i<l  fijmis  different  salts  according  as  one,  two.  or  three  atoma  of  hydrogen 
are  supplanted  by  a  metal    Tliufi  there  exist  primary  sodium  or  calcium  phoephates, 

NaHjPO.  and  Ca<jj'{^Q*;  the  secomlar>' phosphates,  Na^IlPO.  and  C«nPO,;  and  the 

tertiary  phosphates,  Ni^PO*  and  Oiia{POjj.  On  account  of  their  reaction  to  litmns 
these  salts  have  been  fulsely  callofi  acid,  neutral,  and  basic,  but  the  secondary  salts  are, 
chemically  speaking,  acid  huMh. 

The  bones  eontain  a  large  quantity  of  tertiary  phosphate  of  caleium ;  the 
fluids  and  cells  of  the  body  contain  likewise  the  primary  and  secondary  phog- 

«  J.  Bauer:  ZeUsehri/t  Jur  liiUo^ir,  1871,  Bd.  7,  S.  63. 

*  Ray,  McDermoU,  and  Liwk  :  Aimmrxin  Joumai  0/  Phxftiology,  1899,  vol.  iii.  p.  189. 
'  L.  Liebemmnn  :  Beriahte  der  dtuttehcn  chaninchfit  G^aellgrJiaft^  Bd.  22,  SL  598. 
•Salkowski:    Pjlu^s  Archiv,  1894,  Bd.  59,  H.  245;   also,  GierU;    'AeHachrifi  Jur  pAyri»- 
logx^cU  Chcmit,  1899,  Bd.  28,  S.  115. 


phutet*,  while  to  primary  Kodiura  phosphate  carnivorous  urine  mainly  owes  its      } 
acid  reaction.  ^H 

In  speakintr  4»f  the  ash  of  prut(»i)lasni,  Xoncki '  advocates  the  idea  of  separate 
oonihiimtionH  of  the  Iwiae  ami  acid  i*adicl(«  with  ihe  proteid  molecule,  as,  for 
example,  the  separate  union  of  potasniuni  with  pi-ot^^id  and  of  ph4»sphoric  acid 
with  proteid,  in  the  functionally  active  cell.  However  combinc<l,  phosphoric 
acid  is  necessary  for  ti»e  organism. 

Phosphorus  in  the  Body. — The  principal  source  of  supply  is  derived 
from  the  pho^pluitt*s  of  the  alkalie?^  autl  alkaline  earths  in  the  foods  ;  it  may  be 
al»iorl)ed  In  ))r(j;;uiic  combinations  in  iuu-l<.-in,  casein,  and  caseoses  ;  and  it  may 
perhaps  be  absorbed  as  glycerin  pho^pllorio  acid,  which  ii*  an  intestinal  deconipo-  , 
sition  protku't  of  lecithin^  and  probably  also  of  protn^on.  Pluwphorns  leaves 
the  body  almost  eiitiivly  in  the  form  of  inorj^anic  phosphate,  the  only  exception 
lieiiig  glycerin  iilu^phoric  aci<l,  which  has  been  dctectcil  in  tratvs  in  the  urine. 
In  man  and  <'arnivora  the  soluble  primary  and  secondary  phaMphates  of  the 
alkalies  are  found  in  the  urine,  together  with  much  r^mallcr  aiiiount*^  of  the 
Icse  soluble  priniary  and  swttiidary  phcisplmte:*  of  the  alkaline  earths.  There 
is  likewise,  even  during  hunger,  a  continuous  excretion  of  tertiary  phosphate 
of  calcinm,  magnesium,  and  iron  in  the  intestinal  tr*act.  In  herbivora  the  ex- 
cretion is  nunnally  into  the  iute>tinal  tiiict,  and  no  phosphates  occur  in  the 
urine.  This  is  because  herbivora  eat  large  (piautities  of  calcium  salts  which 
biml  the  phosphate  in  the  blowl,  luid  they  likewise  eat  organic  s:ilts  of  th& 
alkalies,  which  l>ecoruc  ettnverted  into  carbonate  and  ap|>ear  in  the  urine  as 
acid  t^arbouatcs ;  such  a  urine  has  no  solvent  action  on  calcium  phosphate/ 
lu  a  similar  manner  a  great  rc<luction  of  pho-.plmte  in  the  urine  of  man  may 
Ik?  cflecteil  by  feeding  alkaline  citrate  and  calcium  carlmnate,  the  fir^t  to  furnish 
the  more  alkaline  rcaciitai  to  blo<Kl  and  urine,  the.-^ec^tud  to  bind  the  phosphate 
in  the  blood.  The  more  alkaline  reaction  itself  Is  insutficient  to  prevent  the 
appearance  of  phosphates  in  the  urine.*  On  the  other  hand,  starving  herbiv- 
ora, or  herbivora  fwl  with  animal  fotnl,  give  urines  acid  from  primary  phos- 
phate." In  diabetes  where  there  is  a  large  production  of  abnormal  acids 
which  tend  to  nciitpalize  the  bhjod,  there  is  a  more  a*'id  urine  which  contains 
an  increased  amount  of  calcium  phosphate,  and  the  excretion  <^f  the  s;ime  , 
through  the  intestinal  wall  c4irrcspondingly  decrea.Hcs.*  During  lactation  the 
amount  of  phosphate  eliminateii  through  the  ortlinary  channels  is  dccreused, 
for  a  considerable  amount  is  used  to  form  the  milk.' 

Excreted  phosphates  may  be  originally  derived  from  the  phosphates  of  the 
bones,  or  from  phosphates  arising  from  the  oxidation  of  nuclein,  protagon,  and 
lecithin,  but  by  far  the  greater  quantity  is  derived  from  llie  food,  or  fnjm  pro- 

»  Anhiv  fir  erper.  Patholoyie  und  PharmaJeoh^e,  1894.  HA  34,  S.  :i34. 
■  B6kay  :  ZeitJKhrift  Jur  phifsiotofi»eAe  Oltfmw-,  1877-78,  Bd  1,  &  167. 

>  J.  Bcnram :  ZeUxkrift  Jur  Buttoffk,  1878,  Bd.  H,  &  364.  *  Op.  at.,  8.  351 

>  Weltke  :  Ibid.,  1872,  Bd.  8,  8.  246. 

'  Gerbardt  uiid  Schlestnger:  ^reAir  jUr  exper.  piaihoio^  und  PharmaktitoffUt  1899,  Bd.  4^ 
B.  83. 

'  Paton,  Donlop,  and  Aitchiaon :  Journal  cf  Phynoto^y  to\  ziT.  p.  212. 
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teid  metabalistn.     In  a  starving  dog,  which  feeds  on  ite  own  proteid,  it 

found  that  a  ratio  existe^I  between  nitrogen  ami  phoHphoric  acid  in  the  urine  as 
6. 1:1,  which  appruximutcs  tliur  in  niusolc,  t.  f.  7.6 : 1.  On  feeding  meat  till 
nitrogenous  equilibriuni  was  estaljIishtHl,  ihe  ratio  became  8.1 :1.'  On  addi- 
tion of  proteid  to  the  body,  a  proportionate  amount  of  phosphoric  acid  is  re- 
tained for  the  new  protojvlasm,  while  on  flfstruction  of  proteid  the  phosphoric 
acid  corresponding  to  it  in  elttninaU'il.  Iji  diabetcii  where  the  proteid  metab- 
olism is  far  above  the  normal,  the  phospliorus  excretion  remains  projmr- 
tional  to  the  pnrfeiil  destrayed.'  The  kirger  excretion  of  phosphoric  acid 
during  hunger  shown  in  the  ratio  above,  has  been  ascribed  to  the  decomposi- 
tion of  the  U>ues.''  Thus  Munk  found  on  Cetti,  who  iivfd  iuauy  days  witlumt 
food,  a  ratio  as  low  as  4.5:1.  lu  starvation  the  brain  and  nerves  do  not 
decrease  in  weight,  so  the  prots^ou  can  liartUy  yield  any  great  amount  of  phos- 
phoric acid  (Voit).  Ca.sein  and  other  uucleo-albumins,  when  fed,  are  oxidized 
and  furnish  phosphoric  acid  for  the  urine. 


Carbon,  C  =  12. 

This  element  is  found  combined  in  every  organism,  and  in  many  decom- 
position-products of  organized  matter.  Elementary  carbon  occurs  as  lamp- 
black, diamond,  and  gni])hite,  the  two  latter  having  their  origin  from  the  action 
of  high  heat  on  coah  Carbon  otrurs  combinal  in  coal,  pctroleunj,  and  natural 
gafij  which  ui'eall  products  of  the  decomposition  of  wootl  outof  contact  with  the 
air.  Further  it  is  found  in  vast  masses,  priricijKilly  cousisting  of  calcium  car- 
bonate»  liaving  their  origin  from  sea-shelk.  Tlic  maintenance  of  life  depends,  as 
will  be  shown,  on  thesnjall  jK.'ix*entage  of  carbon  dioxide  which  is  contained  in  the 
atmosphere.  I^avoisier  believed  that  compounds  of  carljon  were  all  products 
of  life,  funned  under  the  influence  of  a  *'  vital  force,"  which  was  a  property 
of  the  ceil.  It  is  now  known  (liat  almost  every  constituent  of  the  a-U  may  be 
prepared  from  its  elements  in  the  laboratory  without  the  aid  of  any  "vital 
foni'e  "  whatever,  Notwithstanding  its  loss  of  striet  scientific  significance,  the 
old  term  *' organic"  for  a  carbon  ci>mponnd  is  still  in  vogue,  and  couveniently 
describes  a  large  number  of  bodies  which  are  treated  under  the  head  of  "or- 
ganic chetuistry,"  while  the  term  "inorganic"  is  applied  to  the  rest  of  the 
chemical  world. 

Elementary  Carbon. — This  barns  only  at  a  high  heat.  It  is  unaffected 
by  tiie  intestinal  tract.  This  is  shown  by  tlie  fact  that  diamonds  have  been 
stolen  by  swallowing  them,  and  that  finely  divided  particles  of  lampblack  pass 
unchanged  and  unabsorbed  to  tJie  feces,  coloring  them  black  (proof  that  the 
intestinal  canal  does  not  absorb  solid  jwrticles).  If  lampblack  be  eaten  with  a 
meal  its  appearance  in  the  feoes  may  be  used  as  a  demarcation  line  between  the 

»  E.  Biachoff:  ZtiUehrift  fur  Bioioyie^  1867,  B<1. .%  S.  309. 

-  ColflLffianti  c  Bounani:   BolL  d.  R.  Accnd.  mtd.  r!i  AtniKt,  18&6-1897 ;  Reill/,  NoUn,  lod 
Lusk:  Americfin  Joumnl  of  Ph^smlotjy,  18II8,  vol.  i.  p.  395. 
'  See  Vuit :  ifermann'j  Handbudi,  1881,  vi.  1,  S.  79. 
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feces  belonging  to  the  [>erind  l>ef()re  the  meal,  and  the  ]>eriod  subsequent  to  it. 
Carbon  unites  directly  with  hydrogen,  oxygen^  and  sulphur  only. 

Carbon  Monoxide,  VO, — Tliis  gas  is  a  product  of  the  incomplete  conabiw- 
tiou  of  i-urlioii,  is  prfsent  tti  illuannating  guis,  aud  burim  on  ignition  tu  curbon 
dioxide. 

PmpniirH, — A  colorless,  CHlorlofis  gas,  Tnspirod,  it  unites  with  the  MckkI 
to  fomi  a  oarlM>n-nionoxide  haemoglobin  (HI)-<.'<>).  This  it*  a  very  stable 
bright-nnl  oom}>onnd  which  may  even  be  boiled  without  decomposing.  Ani- 
mals poisiined  witli  CX)  die  friini  want  ot'  oxygen,  since  the*  latter  canntit  dis- 
place the  oar]>on  nionoxitlc  from  camUination  with  hicmog]44)in.  Carlwm 
monoxide  jwiisoning  is  accoinpiuiied  by  diabetes'  pmbnUly  i»cc4in8e  of  de- 
cn'nsi^l  ymwcr  U)  burn  sugar. 

Carbon  Dioxide,  C'Og. — This  is  the  highest  oxidation  compound  of  carbon, 
tlie  product  of  its  complete  combustion.  It  is  present  in  the  air  to  the  extent 
of  0.04  per  cent.  It  is  formc<l  in  all  living  cells,  and  in  higher  animals  is 
coUecteil  by  the  blood  and  brought  to  the  lungs  and  ekin  for  excretion  ;  it  is 
also  a  product  of  putrefaction;  it  gives  an  acid  reaction  to  herbivorous  urine. 
It  is  found  dissolved  in  all  natural  waters,  and  is  present  combined  in  sea 
shells.  It  is  found  in  the  blood  princi|iully  conibiucd  with  sodium  in  the 
serum,  and  is  likewise  combined  with  calcium  and  magnesium  in  the  bones. 

Preparation. — (1)  By  burning  carbon  or  a  carbon-containing  subetance, 
C^Hjp,  +  120  =  6CO,  -h  6H,0. 

Sugar. 

(2)  By  heating  a  carbonate, 

Ca(X)5  =  CaO+CX),. 

(3)  By  the  action  of  an  acid  on  a  carbonate, 

Na^CO,  -h  2HC1  =  2NaCl  +  CO,  +  H,0. 

In  the  blood,  hicmoglobin  aud,  to  a  less  extent,  serum-albumin  and  primary 
sodium  phosphate  act  like  acids.  If  the  gases  be  extracted  from  fresh  dcfib- 
rinated  blo<>d  in  a  vacuum,  all  the  CO,  is  removed.  If  sodium  carbonate  be 
added  to  blood,  the  carbonic  acid  belonging  to  this  is  likewise  given  up  in  a 
vacuum,  while  a  simple  afjueous  solution  of  sodium  cnrlwnate  is  not  affected. 
If  serum  be  extracted  in  ihicuOj  only  a  little  more  tliun  half  the  carbonic  acid 
contaiued  in  it  is  dissociated  from  combination,  indicating  that  in  the  previous 
experiment  hiemoglobin  had  nctcil  tike  an  acid.  If  a  solution  of  bicarbonate 
of  sodium  (XatlCOj)  be  exlmusicd  under  the  air-pump,  just  oue-half  of  the 
CO,  is  given  off,  srMliura  carbonate  (NajCO,)  remaining.  In  the  senim  more 
than  onc*-haIf  of  the  CO,  is  obtaine*!  in  varuo,  because  the  serum-albumin, 
like  the  hiemoglobin,  though  less  effectively,  acts  like  an  acid  in  fixing  the 
alkali  and  liberating  the  gas.  There  is  likewise  present  the  action  of  pri- 
mary phosphate  on  the  acul  carbonate, 

NalljPO,  +  NaHCK),  =  Xa,HPO,  -f  H,0  +  CO,. 

■  Straub:  Archiv/vr  ofperimatUtk  Patkoiogit  und  PKarmaJMlo^e,  1890.  Ri).  38,  8.  139. 
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Tlirough  these  agencies  the  tension  of  oarbonio  add  is  kept  high  in  the  blood, 
and  it8  escape  through  the  walls  of  the  alve(.*Iar  capillary  is  not  iiulike  the 
escape  of  ga.s  on  niicorkinfi;  a  Ixtttle  of  ciirbonated  water. 

After  drinking  a  tTirhinmtcHl  water,  carbonir  oxide  may  Ix?  detected  dissolved 
in  the  urine. 

Properites, — A  colorless,  odorless  pis.  It  is  poisonous,  its  accumulation  at 
fir^t  stimulating  and  afterwards  paralyzing  the  nervous  centres.  It  affects  the 
irritiibllity — not,  however,  the  conducting  power— of  tlie  nerves.  A  solution 
of  carbonic  o.\ide  in  water  forms  carbonic  acid,  HjCOg,  ami  from  this  are  derived 
two  series  of  salts,  primary  or  acid  salts,  MHCXJj,  and  secondary  or  neutral 
salts,  M,COa. 

Metabolism  of  Carbox. — It  will  Ijc  rememlxre*!  that  there  is  a  union  of 
chlorine  and  hydrogen  on  exposure  to  suniiglit.  In  a  similar  manner  the  chloro- 
phyll-c<intiiiiiiiig  leaf  of  the  plant,  through  the  meiliuiu  of  tlie  energy  of  the  sun's 
rays,  brings  the  m(»lecules  of  water  and  carbouic  oxide  derived  from  the  air  in 
such  a  pDsitiou  with  regard  to  each  other  that  they  unite  to  form  sugar  with  the 
elimination  of  oxygen  (reaction  ou  p.  501).  Tliis  prtx'css  is  ealte*!  tii/niheititi — 
the  construction  of  a  more  complicated  body  from  simpler  ones.  The  active  or 
"  kinetic  "  energy  from  the  sun  rctpiired  to  build  up  the  ccmiptiund  is  stored, 
becoming  **  potential"  energy  in  thsit  comjHiutnl,  and  is  lilMTaled  again  in 
exactly  the  same  quantity  on  the  resolution  of  the  substance  into  its  original 
constituents.  So  the  amount  of  energy  liberated  in  the  decompasition  of  a 
food  in  the  Ixxly  is  exactly  ecjual  to  the  energy  neo<lwl  to  build  it  up  from 
its  excreted  cnnstituenU,*  and  this  lilK'i*iite<i  energy  appears  in  tJie  body  as 
heat,  work,  and  electric  currents. 

The  plant  has  the  [lower  of  converting  sugar  into  starch  and  relhdose,  and 
likewise  into  fat.  Further  the  sugar  nudoubtedly  unites  with  cetiain  iiitrogen- 
amtaining  iKtdies,  and  the  synthesis  of  proteids  I'esults.  Plants  contaiaitig  this 
mixture  uf  fou<l-htuff&  l)ecome  tlie  sustaining  basis  of  animal  life.  The  animal 
devours  tliese  ^nl>^:tanet'.s  aud  either  adds  them  to  his  Intdy,  or  bunis  llien»  to 
prevent  destruction  of  his  own  substance:  such  are  the  objects  of/oocf.  lo 
eontnidistinction  to  synthesis  in  plants,  animal  life  is  said  to  be  characterized  by 
aiialt/fdiHf  i.  e.,  the  resoKuit/n  of  a  auiijilicsited  substance  into  simpler  ones.  This 
classiHcation  is  not  entirely  accurate,  many  exceptions  occurring  on  both  sides; 
for  example,  antmjils  mav  ctmvert  f>ugar  into  fat,  which  is  synthesis.  The 
animal  dis<:hargrs  its  carbon  partly  as  carbonic  acid,  and  partly  in  the  form 
of  more  complex  organic  eoinpounds,  such  as  urea  and  uric  acid.  Since  those 
latter  after  leaving  the  body  eventually  become  oxidized,  and  the  carbon 
becomes  completely  changed  to  i-arbon  dioxidcj  it  follows  that  all  animal  carbou 
is  finally  restored  to  the  air  in  the  form  of  carbon  dioxide.  Thus  is  established 
the  revolution  of  the  carbon  atom,  made  possible  by  the  energy  of  the  sun, 
between  air.  plants,  animals,  and  back  to  air  again.  Burning  coal,  lime-kilns, 
volcanoes,  give  rarbonic  acid  to  tlie  air.  Ii;iin  water  rt^'eive^  i-arbonic  acid 
from  the  atmosphere,  from  putrefying  organic  matter  in  the  soil  aud  from  the 
>  See  Rubn«r,  Zatxhrift/ur  BiototjU,  1803,  Bd.  30,  8.  78. 
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of  trees,  and  nltimately  much  of  this  combines  with  mineral  matter,  or 
contributos  la  form  shells  in  marine  life. 

Sn^iooN,  Si  =  28. 

Silicon  is  fouml  in  tho  a-^i  oC  plants,  and  in  traces  in  the  cells  and  ti&sucs  of 
nnimnlfi,  bcingj  a  t*on>!tant  ("oiishtiRnt  )»f  lionV  eggs.  It  apuoars  in  traces  in  the 
human  urinr^j  am!  in  (xinsideraMtMjiiantity  in  herbivoi'oub  urine.  It  ib  esixvially 
present  in  hair  and  fi-athoi***.  It  d<^x^  not  seem  to  be  of  great  importance  to  the 
life  of  the  plant,  A»r  if  corn-stalks,  whose  ash  usnally  contains  20  per  oeut.  of 
silica  (HiOj)>  l»e  grown  in  a  soil  frw'  from  it,  the  j>lant  fltmrislu's  though  only 
0.7  per  cent,  of  silica  is  found  iu  the  ash,  this  having  L>eeu  denve<l  from  tlie 
vessel  holding  the  soil. 

Silicon  Dioxide,  or  Silica,  SiO,.— Thiu  in  the  oxido  of  the  element,  and  is  found  in 
qimrtz  invl  K^irnl,  but  md  In  tlir  orjL,*ani8Ui. 

Silicic  Acids. — The  ortho-tilide  ttcui  (H^SiO*)  is  formed  by  ihe  action  of  an  acid  on  a 
melalliv  tiilicate, 

Ca,SiO,  +  2H,C0,  -  2CaC0,  +  H^SiO,. 

This  reaction  takes  place  in  the  soil,  and  thv  siticie  ncid  bo  obtninod  is  soluble  in  water  and 
is  a  £V>//"A/ — thai  is  lo  say,  is  i)f  gilHtinoiw  fonsislcmt',  will  not  cr>'HlalliKe,  and  dtn-s  not 
QomoflG  thronfi^h  vcyjctabic  and  anitnjil  nieuibmncs.  However,  it  ia  in  this  form  or  in  the 
fiirm  of  soUil»Ie  alkulinc  silicate  tbat  it  i.s  prulmbly  received  by  the  root  of  the  plant.' 

Metagiiictc  ticitl  han  I  he  fonuula  1 1  jSi<_*j,  while  the  poiyxift'cic  ficiVii  (n,SiOj,II^i,OT.  etc. ) 
are  numerous,  and  constitute  the  acid  mdioals  of  most  mineral  silicates.  If  silicic  acid  be 
evaporated  and  dried,  it  leaves  a  gritty  residue  ol*  silii>a. 

The  Metallic  Eleacents. 
The  metals  in  the  body  are  the  alkalies  potassium  and  sodium,  the  alkaline 
earths  calcium  and  magnesium,  atid  tht*  heavy  metal  iron. 

Potassium,  K  =  39. 

Potassium  salts  are  fonnd  csjx*cially  in  all  animal  cells  (see  p.  499),  and  in  the 
milk  which  is  manulacturcd  from  the  Jisintct^raliou  of  such  cells.  They  are 
found  in  the  bhH>cl-curpuscle  sometimes  to  the  ahnost  complete  exclusion  of 
sodium  salts.  Only  to  a  small  extent  do  they  ttccur  in  the  fluids  of  the  body 
and  iu  the  blocHJ  plasma  (K,0  —  0.0*2  per  cent,  in  plasma).  They  are  excreted 
in  the  urine.  Pouissium  salts  are  reUiined  on  the  surface  of  the  ground  for  the  . 
use  of  vegetation,  and  occur  in  the  plant  not  only  as  inorganic  but  also  as 
organic  ji;ilts  (tartrate,  citrate,  etc.). 

Potaaaitim  Chloride,  KCl. — Potassium  chloride  is  a  constant  constituent 
of  all  animal  cells  and  tissues,  and  may  l>e  alinorbed  with  the  food  or  l>e  pro- 
dui'c*!  in  the  Ixxly  after  catitig  |)otassium  carbonate  or  phosphate,  since  these  salts 
may  react  with  the  sodium  chloritlc.  l(  fed,  it  is  ordinarily  balanced  by  its  ex- 
cretion,  but  if  0.1  gram  be  intrtHluced  into  the  jugular  vein  of  a  roedium-.sized 
dog,  imrac<liately  paralysis  of  the  heart  ensues.  It  is  a  powerful  jjoisim  for  nerves 
and  nervous  centres.  It  melts  when  heated  to  a  low  red  heat,  and  volatilizes 
at  a  higher  heat. 

■  Bange:  Phyriotoffuche  Chmie,  3d  cd.,  18H  S-  25. 
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Potaesium  PhoBphatea. — The  primary  (KHjPO^)  and  secondary  (KjH PO^) 
plujtiphatc  of  pota-ssium  are  the  jirincipal  salts  of  the  oells  nf  thn  ImkIv,  and  are 
likewise  present  in  the  urine,  and  ta  a  verv  small  extent  in  the  bloo*3-plasraa. 
They  are  undoubtedly  intimately  connected  with  tlie  funeticnval  activity  of  proto- 
plasm. Presence  of  carbonic  acid  canses  the  eowversion  of  the  seoondaiy  phoe- 
phate  into  the  primary  salt,  and  this  oceurs  in  the  b]o<jd*eorpuscle  as  well  as  in  the 

plasma : 

^  KJTPO,  -f  CO,  -I-  H,0  =  KH3PO,  -f  KMCO,. 

Primary  acid  phosphate  of  potassium  contributes  to  the  acid  reaction  of  the 
urine,  thouj^li  in  presence  of  sotlium  chloride  there  is  a  tendency  to  the  forma- 
tion of  primary  sudinni  phosphate  and  potassium  chloride.  It  is  the  cause  of 
tiic  acid  reaction  in  muscle  in  riyor  morita  (tiee  p.  546). 

Potassiiun  Cewbonates. — The  priman^  and  secondary  carbonates  exist 
in  the  bixly  only  in  trifliiig  quantities.  They  may  be  produced  as  above  de- 
scribed by  the  action  of  carbonic  acid  on  tlie  phasphates,  they  may  be  ingested 
with  the  food,  or  they  may  result  in  the  body  from  the  combustion  of  an  organic 
salt  of  potassiumj  according  to  tlie  same  reaction  as  would  take  place  by  burn- 
ing it  in  the  laboratoiy, 

KjC.H.O,  +  50  =  KjCO,  +  3CO,  +  2H,0. 

K  Urtrato. 

Feeding  potassium  carbonate  or  an  organic  salt  of  potaasium  makes  the  urine 
alkaline  owing  to  the  excretion  of  potassium  carbonate. 

Potas«iuiii  sttUa  wre  |»oisunoii3  if  iwlrodiiced  intu  the  blood  in  too  larjsje  quaatities.  In 
oonuentrat4>d  :>(>luti(j[]t!  in  the  Btontat'h  they  produce  gaMrith^  even  with  i^iiickly  fatid 
results. ' 

Ziintz  bcUcves  that  putasaiiim  Ih  combined  witli  hmnio^lobiD  in  the  blood-corpuscle,  and 
may  be  dissociated  from  it  by  the  action  of  larUmic  oxide.* 

Potassium  in  the  Body. — The  various  salts  of  jKitassium  are  received 
with  the  food  in  the  manner  descrilKid  ;  the  phiipplmtc  may  be  retained  for 
new  tisssue,  bnt  the  otlier  salts  are  removed  in  the  urine.  They  are  all  quite 
completely  absorbtd  in  the  intestinal  tract.  lu  starvation,  or  in  fever,  where 
there  is  high  tissue-metabolism,  the  body  suffers  greater  loss  of  the  potassium 
phosphale-ctrntainin^  tlssne  than  it  does  of  tlie  sodium-rich  blood,  and  potas- 
sium exceeds  soditim  in  the  urine  (reverse  of  the  usual  proportion);  also 
milk,  which  is  preparetl  from  tissue,  contains  more  potassium  than  sodium. 
Bunge'  has  notccl  an  important  influence  t*f  potassiutn  siilts.  If  a  ]>ot:is>*iiuu 
6alt  be  in  solution  together  with  aidium  chluride,  the  two  partially  react  un 
each  other,  witli  formation  of  potassium  chloride.  If  now  potassium  carbon- 
ate, for  example,  Iw  eaten,  the  same  reaction  occtirs  in  the  body, 

K^COj  -h  2NaCl  -  2KC1  +  Na,CO,. 

The  kidney  has  the  jw^wer  of  removing  soluble  substances  which  do  not  l)elong 
to  the  bl(K)d  or  are  pivsent  in  it  to  excess,  and  consequently  the  two  salts 

*  Bungc:  PAyfi'o/oywcAe  Chrmie,  3d  ed.,  1894,  8.  136. 

'  A.  LoeTT  und  N.  Zuntz:  Pfiuger't  Archiv,  1894,  Bd.  68,  &.  622.         "  Op.  eit.,  S.  1(>8. 
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formed  as  above  are  excreted.  Hence  potassium  carbonate  has  caused  a  direct 
lojtf*  of  sodium  and  chlorine.  For  this  I'ea^^on,  if  iM>iat<x*3  and  vegetables  very 
ricli  in  potassium  salts  arc  eaten,  sodium  cfiloride  must  be  adde<l  to  the  food  to 
compensate  for  the  loss.  Nations  living  on  rice  do  not  neetl  salt,  for  here  the 
potassium  content  is  low.  Tribes  living  solely  on  meat  or  fish  do  not  use 
(?alt,  bnt  care  is  taken  that  the  animals  slaujjhtered  for  food  shall  not  lose  the 
blood,  rich  in  s^xlium  siilts,  and  stripe  of  meat  dipped  in  blood  are,  by  some 
races,  considered  a  delicacy.' 

Sodium,  Na  =  23. 

Sudiatu  salts  belong  particularly  to  the  fluids  of  the  body  (see  p.  504), 
blood-plasma  containing  0.4  per  cent,  calculated  to  NajO. 

Sodium  chloride,  NaCI,  is  found  in  all  the  fluids  of  the  body.  It  is  found 
iu  blood  and  lym|>h  to  an  extent  of  about  O.Go  per  cent,,  in  the  saliva,  gastric 
juice,  milk,  sweat,  urine,  etc.  Sodium  chloride,  like  pota^iura  chloride,  melts 
at  a  low  rod  heat,  hence  the  fluids  of  the  Ixxly  yiehl  a  fluid  ash,  with  the  single 
exception  of  milk,  wJiich  contains  a  high  per<.-entage  of  infusible  calcium  plios- 
phate.  Sodium  chloride  is  ven'  readily  soluble.  \\\  the  blood  it  acts  as  a 
solvent  on  serum-globulin  and  other  proteids,  and  its  inert  prej4ence  in  pro[»er 
concentration  alfords  a  medium  in  which  llie  functional  activity  of  cells  aud 
tissues  is  maintainetl.  (For  **  physiological  salt-solution  "  see  p.  504.)  From 
sodium  chloride  the  hydrochloric  acid  of  the  gastric  juice  is  prc|jared  (see  p. 
508) ;  it  is  als4>  a  ucccssarj'  addition  to  every  food  where  potassium  salts  are 
ID  great  preponderance  (see  p.  520),  but  it  is  taken  by  most  races  iu  amounts 
far  above  the^^e  physiological  necessities. 

If  a  mixture  of  neocfisary  fiwrl-HtufTs— protcid»  fats,  starch,  salt*,  and  water — in  proper 
proportitin,  but  withuut  flavur,  lie  «it  Iwliirt'  a  dug,  he  will  Marve  ratlier  tlmii  touch  it.  A 
man  will  attempt  its  digestion,  but  the  permanent  support  of  life  is  itnpoBBible.  A  food 
to  support  lite  mufit  be  a  wcll-tastinp  mixture  of  food-8tuff«,  for,  through  the  action  of  the 
flavor  on  !hc  jnueoiw  membrane  of  the  mouth  tind  stomach  there  is  established  reflcxly  a 
ner^'uuu  influence  causing  a  pn>per  flow  of  the  various  digestive  juices.  Hence  enUt^ 
pepper,  musturd^  b«er,  wine,  and  other  condiments  are  taken  with  the  food.  What  the 
change  is,  when  a  substance  acts  on  the  taste-bmlH  of  the  tongue,  for  example,  start- 
ing a  motion  such  as  is  afterwards  interpreted  in  the  brain  u^  flavor,  is  unlcDOwn. 
Chemical  constitution  gives  no  hint  how  a  body  will  taste  or  smell. 

In  airuivora  every  trace  of  Hodinm  chloride  is  al»sorl>e<l  by  the  villi  from 
the  intestinal  tract.  This  is  a  pniof  that  al»sorption  docs  not  de|>end  on  simple 
physical  osmosis,  in  which  case  the  intestinal  contents  would  tend  to  have  the 
same  percentage  ct>m|M>Hition  as  the  blo<KJ,bu(  upm  iheselectiv**  cjjjMicity  of  tlie 
exposed  protoplasm  of  the  villi.  Sodium  chloride  is  the  priucipal  solid  con- 
stituent of  sweat  and  of  tears.  Usually^  however,  it  is  loet  to  the  body 
through  the  urine,  of  whose  ash  it  forms  the  chief  constituent.  The  quantity 
of  *alt  in  the  urine  is  decreased  during  gastric  digestion  (see  p.  508).  Sodium 
chh>ride  if  fed  is  largely  excn*ted  iu  the  urine  within  the  following  twenty- 
fotir  hourn.'     Experiments  of  abstention  from  salt  have  never  been  carried 


Bung*  :   Op.  eit.,  S.  116.  "  Straub :  ZeiUekri/i  fUr  Biologit,  1809.  Bd.  37,  a  483. 
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so  far  as  to  produce  vital  {listiirl>aTiocs»  but  th<'  physiological  niinimum  is 
prohalily  very  lt>\v.  A  dog  wei^liiiig  35  kilopraois  may  live  on  0.6  grain  of 
Bait  daily.'  Sndiiini  rh1i»ritlc\  fed,  producfs  \\i  iti^elf  alone  an  increase  of 
water  in  the  urine.  \^  sodium  4'hloride  or  other  salts  act  as  diuretics  and 
remove  \vnt<'r  fmia  the  tissues,  an  incrcaHc  in  proteid  mctaholisni  results. 
Simple  withdniwal  of  part  ol'  the  ^^'ato^  from  tlie  tis-stiefi  raises  tlie  proteid 
metaboli.sni  but  docs  not  allcct  the  amount  of  fat  burned.^ 

Sodium  sulphate,  NtuSO^,  calknl  '*  Glauber's  salt,"  is  found  together  with 
pota-itfiun]  sulphate  in  the  urine  in  the  condition  of  preformed  sulphuric  acid 
(see  p.  -507).  If  fe<l,  it  reappears  in  the  urine.  It  acts  on  the  epithelial  *^dls 
of  the  intcMtincrf,  prevt'uting  tlu'  :il>Htrptioii  oi"  water,  wjusequenily  CiUiJ-ing  diar- 
rhoea.    Other  laxatives  act  in  the  same  way. 

Sodium  Phosphates. — The  primary  {Nall^POJ  anil  the  secondary 
(NiLjHFOJ  yalts  are  fiund  to  a  siniill  extent  in  the  bloixl-plasma  and  other 
fluids,  and  in  the  urine.  As  with  the  potassinni  phosphates,  carbonic  oxide 
acts  when  in  certain  excess  to  convert  the  secondary  pho^^phate  into  NaH,PO^ 
and  NaHCOj.  These  two,  however,  may  react  on  one  anotlier  to  driveofl'car- 
b«jnic  acid  (see  p.  517).  (.'arnivoitius  urine  owes  its  acid  reaction  principally 
to  primury  smlinm  phitsphiite.  If  a  mixture  of  NaHjPO^  and  Nii^HPO^  be 
permilted  to  ^liffMse!  thnmgh  membranes,  the  NaH^PO^  jxisses  through  in 
greater  f|uantity,  nud  this  process  may  take  place  in  the  kidney,'  Secondary 
so<lium  phosphate  dissolves  uric  ucid  on  warming,  i<>rming  sodium  acid  urate 
auil  yirimary  phosphate,  wlilch  solutiun  reacts  acid  (Voit).  Urine  standing  in 
the  cohl  precipitates  uric  acid  with  the  iurmation  of  secondary  pho?iphates, 
while  the  reverse  reaction  with  return  of  original  acidity  takes  place  on  warm- 
ing the  urine. 

Sodium  Carbonates. — Of  these  there  are  two,  the  primary,  NallCOj,  and 
the  neutral,  NiL|CX)j.  The  organism  owes  its  alkaline  reaction,  and  also  it» 
power  of  comhtrjing  with  crirbnnic  acid^  aliiuist  entirely  to  sodiimi  carbonate. 
8aliva,  pancreatic  ;uid  intestinal  juice  iirc  strongly  alkaline  with  sodium  carbon- 
ate, as  arc  als(i  blond,  lymph,  and  other  Hnids.  If  the  organism  Iw  acidiiicKl,  by 
feeding  acid  to  a  nibl)it,  fwv  example,  dcatfi  occurs  even  before  coniplcte  loss 
of  the  bk>o<]*s  alkalini(y,  while  venmas  injections  of  sodiiuu  carljoiiate  at  the 
proj»er  time  r<.store  the  animal.  Carbonic  oxide  cannot  Ite  rerufvvcd  fmra  the 
tissues  in  the  lu-idifioti  blood.  Sodium  carbonate  trea(e<l  witli  carbonic  acid 
betMimcs  acid  sodium  carbonate,  and  this  change  is  efifectcd  in  llie  internal  n?»- 
piration,  where  the  cells  give  CO^  t««  the  bliKxI.  Treated  with  acids,  lx»th  car- 
bonates liberate  carbonic  oxide — ^a  reaction  wliirh  takc«  place  in  the  blood 
(see  p.  517).  Bnngc  suggests  that  tlie  arid  chyrue  <tf  the  stomach,  into  whose 
finest  particles  the  alkaline  intestiiJiil  juiw  dirtuse^,  is  esi)ecially  |>ciietrablc  by 
the  latter's  enzymes,  because  Hlx^ratetl  carbonic  oxide  has  separated  the  particles 
of  chyme  from  each  other.  The  same  principle  would  hold  true  nf  a  morsel 
well  mixed  with  saliva,  whicli,  as  is  well  kuowu,  is  moi'e  easily  penetrable  by 

>  Voit :  7/m/Minn*«  Z/anrfAurA,  1881,  vi  1.  S.  367. 

'  StTBub :   ZfitKkriJt  fur  liiologie,  18^9,  Bd.  38,  S.  537. 

'  Soubiranski :  Arehix  fur  ejrpcr.  Patholoffie  nnti  PharnMkologk,  1895,  B(l.  So,  S.  178. 
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rio  juit't'  lIkiu  i^nt  mit  so  mixed.  StuHum  carbonate  mny  l>t'  obtainod  for 
thr  lyody  either  diroctly  from  the  food  by  absf»rptioii,  or  imlirectly  through 
oombustion  of  siHliutii  organic  salts.  Ingested  in  sufficiently  large  quantities, 
it  makes  the  urine  alkaline. 

iSoditim  salts  are  iuuloiib(e<lly  united  with  senim-albumin  in  the  plasma, 
forming  a  combination  which  may  be  dissociated  by  carbonic  oxide. 

Sodium  »n^c8  a  yellow  coloration  to  a  coloHeaa  6ame,  and  a  distinctiTC  bright  liuc  in  the 
ycUow  iif  the  8i»vtrus*N»|K'. 

Sonii'M  IN  TiiK  UnDV.— This  siihitot  has  been  disciui8e<l  under  tho  difftrent  saltS}  ttod 
likewise  under  puiubbium  utid  hydmi-lilurie  acid  ;  reiwtition  here  i»  therefore  needless. 

AMM<»xfrM,  NH,. 

Ammonia,  Nil,.  \w\»  alrexi<iy  U'on  deacrilKMl  (p.  511). 

Sodium- Ammonium  Phosphate,  NuNII^IIPt^  ia  an  insoluble  salt  formed  in  the 
urine  during  amin>/niui-a]  tenueiittiition. 

Ammonium  Carbonate,  (NH,),C*03,  is  formcH  by  the  union  of  caHxinic 
oxiJe  aiiiJ  atiuiumi^v  in  tho  presemM;  of  water,  iiud  iw  ilicrcfupc  a  usual  product 
of  putrefaction.  If  introilmvtl  into  the  blood,  it  is  convertetl  into  urea  by  tlie 
liver.  In  uremia  urea  jKLHi*es  from  the  bloo<.l  into  the  stomach  and  h  there 
convertetl  into  ammouium  carlK)iiatc,  wliich  pnxhices  vomiting  thnntglj  irrita- 
tion of  the  mucouis  luembrane.  (See  further  discussion  under  Carbamic  Acid 
and  Urea.) 

CAunM,Ca  =  40. 

Calcium  is  by  fiir  the  most  abundiiut  metallic  element  in  the  liody,  and,  a* 
has  been  found  in  the  dog,  99.5  percent,  belongs  to  the  com[K>sition  of  the 
bones.*  OntsitJe  t!ie  bones  it  cK?(urs  most  abundantly  in  blcMMl-plahma.  It  is 
found  in  all  tlit  cells  and  fluids  of  the  Ixxly,  prolmbly  lua-ely  combined  with 
protcid.     Calcium  is  always  accompanied  by  magnesium. 

Calcium  Chloride,  CnC'lj,  is  found  iu  small  fjuantilios  in  the  bones. 

Calcium  Fluoride,  CaFj,  a  salt  insoluble  in  water,  is  fouml  in  bone,  den- 
tine, and  enamel  (s4m'  p.  olO). 

Calcitun  Sulphate,  C'aSO„  is  found  iu  small  quantities  in  Ikmics  and  rarely 
as  jwirt  of  the  .M^limrnt  In  strongly  acid  urine. 

Calcium  Phoephates, — (>f  tliese  there  are  three — primary,  CaH/POjj, 
fiet»ndary,.('aHP(>4,  and  tertiary,  Ca3(P04)«.  The  tertiary  phoaphntc  is  insol- 
uble in  water,  the  >c^oni!ary  *m\y  very  slightly  stduble,  but  the  prin)ary  «dt  is 
soluble.  The  tertiary  and  secondary  phosphates*  are  in»duble  in  alkali,  but 
soluble  in  mineral  acids  and  in  acetic  acid.  The  tertiary  phosphate  forms  the 
largest  minem!  f.t.tnstiluent  of  the  Ijones  (83.89  jnir  cent.,  Zalessky)  and  of  den- 
tine and  enamel.  Tertiary  phosphate  of  calcium  likewise  occurs  in  the  blood; 
how  it  is  hehl  in  soluticMi  it  is  difficult  to  say,  though  it  is  prolwbly  loosely 
combined  with  pmtcid.  Tn  a  similar  way  it  is  cf>mbine<l  with  the  protoplasm 
of  the  eell.  It  i-  lai'gely  four»d  in  the  ash  tif  milk,  having  been  in  previous 
chemical  combination  with  casein.  Tertiarv-  phosphate  of  calcium  is  contiuu- 
1  HeiM :  ZctUchrift /ur  Biologie,  1876.  Bd.  12,  8. 165. 
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uusly  excrcU'd  into  the  intestinal  tract.  It  is  preftent  in  the  acid  jj^astric  juioo, 
but  only  in  traces  in  the  alkaline  saliva,  pancreatic  juice,  and  in  the  nearly 
neutral  bile.  Tertiary  phu^^phaies  never  oeciir  in  the  urine,  except  as  a  sedi- 
ment after  the  urine  has  attained  an  alkaline  reaction,  being  formed  from  the 
acid  phosphates.  In  earnivorouH  urine  the  calcium  present  occurs  as  primary 
and  secondary  phosphate*  the  solution  of  the  latter  being  aided  by  the  primary 
alkali  phwsplmle  and  s^xliuiu  chloride.  Occasionally  a  coat  is  noticed  on  the 
surface  of  the  urine,  an  appearance  once  thought  to  l)e  a  sign  of  pregnancy. 
This  ooat  is  now  known  to  consist  chiefly  of  secondary  phosphate  of  caleinm, 
which  may  crystallize  out  on  the  urine  becoming  alkaline.  Calcium  does  not 
occur  as  phosphate  in  an  alkaline  urine  (see  p.  515). 

CaJciuxn  Carbonates. — Of  these  there  are  two,  the  primary  or  acid, 
CaHj(CX!)3)j,  and  the  se<«)ntlary  or  ueuti-al  carbonate,  OaCO^.  Neutral  calriiim 
carbonate  is  tlie  substance  of  which  sea  shells,  coral,  egg-shell,  and  otoliths 
consist.  It  is  found  in  the  ash  of  bi:)nes  to  the  extent  of  13.032  per  cent 
(Zalcsky).  Apatite  is  a  mineral  having  the  formula  Ca,^^F.j(P04)fi,  and  Hoppe- 
Seyler,  using  Zaiesky's  figures,  believes  that  bone  has  a  composition  repre- 
swited  by  Cau,CO,(PO^)j,  or  3Ca5(POJj,CaC03,  in  which  CO3  has  the  position 
of  Fj  in  apatite.  In  the  wasting  of  the  mineral  matter  of  bones  in  osteoma- 
lada  this  formula  of  composition  remains  c<mstaut/  one  molecule  of  calcium 
carbonate  always  being  renioveil  for  every  tliree  molecules  of  the  phosphate. 
Neutral  calcium  carbouate  is  insoluble  in  water  or  alkali,  but  dissolves  in 
water  containing  carbonic  oxide  to  form  the  soluble  acid  carbonate,  CaHj(C03)^ 
This  is  found  in  bloo<:l  and  lymph,  and  in  minute  quantities  in  all  the  tissues. 
It  is  found  in  herbivorous  urine,  which  contains  carbonic  acid  in  excess,  but  il 
is  soon  deptjsited  as  neutral  carbonate  as  the  carlx)nic  oxide  diffuses  into  the 
air.  It  occurs  in  all  alkaline  and  neutral  urines,  though  to  a  less  extent  than 
calcium  phosphate  in  acid  urines.  It  is  found  in  pancreatic  juice  and  in  the 
saliva,  from  which  latter  is  derived  the  calcic  carbonate  which,  mixed  with 
liacteria  and  other  organic  matter,  is  deposited  as  fariar  on  the  teeth. 

The  ferment  rennet  does  not  act  in  the  abseut*  of  calcium  salts.  The 
coagulation  of  the  blood  requires  the  presence  of  calcium  salts,^  If  ten  parts 
of  bhwMl  he  dr.iwn  into  one  part  of  a  1  per  cent,  solution  of  potat^sium  oxa- 
late, thus  precipitating  the  calcium,  no  coagulation  takes  place,  hut  on  tlie 
wldition  of  calcium  chloride  a  typical  fibrin  forme.  According  to.  Hammar- 
sten,^  calcium  Is  tmlv  neci-ssary  in  the  formation  of  the  ferment.  He  haa 
prepared  fibrin  containing  only  a  trace  (O.tXtT  per  cent.)  of  calcium.  A  solu- 
tion of  sodium  oxalate  passed  through  u  beating  excised  heart  causes  it  to 
cea.se  beating,*  and  nerves  and  muscles  lose  their  irritability  when  calcium 
salts  are  abstracted  from  them  with  sodium  oxalate.*    These  facts  illustrate 


'  M.  Lery:  Zeitsehri/l  ftir  phystoiogiscM  Chemie^  1S94.  Bd.  19,  a  239. 

'  Arthdset  I'agel:  Ar^'hiwji  d^  PAyjHo/o^u-,  1890,  p.  739. 

■  Haminareten:  Zcittchrifi  Jw-  phyti'^fujigcht  Citemie,  1S99,  Bd.  28,  8.  90. 

•  Howell  and  Cooke:  Journal  a/  Ptiyaioloffy,  1893,  vol.  14,  p.  219,  note. 

*  HoveU :  /6<  1894,  vol.  16,  p.  476. 
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the  intimate  relation  lM?tween  (^Iciutii  wilts  and  tbt*  funotional  activity  of 
pmtoplasm.  Howell*  boHevcs  that  caleiiiiii  salts  furuish  the  primary  stim- 
ulus for  the  contraotiou  of  tlio  heart. 

Calcium  in  TIIK  B^>I>Y. — Calirium  wiU.h  are  especially  needed  in  childhood  for  the 
growth  of  the  bouett.  It  hus  been  CMtimitted  that  the  human  suckling  requires  0.32  gram 
CaO  daily,  and  in  the  milk  for  rliiii  tinu-  in  cDritiiined  0.55  gram  to  'J.37  grams,  so  that 
there  may  easily  l>e  lai-k  <.>r  t'aO  wtieiiaUrajrptinn  \^  uiilavorable.  In  children  with  rickets 
the  bone8  contain  Um>  Ikile  cuifium,  and  are  abiK>rnially  weak  and  flexible.  *V\\\»  same  con- 
dition may  be  n*prwlureii  in  yfjuTj^'  /erowirig  dtigs  by  tbedini:  I  hem  entiR-lyon  muiit-  and  fat, 
which  contain  too  llttlu  t^^lcium  Tor  proper  »kelotal  development.'  Sm;h  dog«  grow  rapidly 
in  «Kc,  especially  nrouml  tbe  tliorax.  while  the  pelvitt  remains  ludicrously  Bmall.  the  extrem- 
ities beoome  bent  and  tiiiully  inraputile  of  eiip[>urtiti^'  the  weight  of  the  btxiy.  A  puppy 
of  the  same  litter  1<kI  on  the  sximM  W^A  but  with  the  addition  ot'bont^  grows  normally.  la 
certain  cafiOH  even  when  children  arc  i'fJ  with  jiuffickiit  ealoium  they  elill  hav«  the  riekcta. 
This  might  lie  due  to  a  l:H'k  of  ability  to  altaorb  the  salta,  but  thia  KiiJel'  has  diflproved. 
To  a  child  having  rickets  ho  administered  a  calcium  ^lu  (ind  euutinoed  its  absorptioa 
by  the  increase  in  the  calcium  contents  of  the  urine,  the  result  being  the  same  as  with 
a  normal  ohiM.  (Example:  Normal  day,  0.01%  pram  CiiO  in  urine;  after  feeding 
l.-i  grams  (VO  disatjived  in  acetic  acid  the  amount  in  the  urine  rines  to  0.03%  gram  for 
the  twenty-four  hours. )  lliidel  therefore  eonchidea  that  the  cause  of  rickets  may  be  in  a 
local  change  of  the  Ixuies  themselves,  whereby  cuU-ium  Halts  arc  not  deposited  in  the  nonual 
manner. 

In  otteomtthin'tt  there  occurs  a  solutifm  of  the  sails  of  the  bones  in  adult  Hfe,  called 
softening  of  the  butics.  In  o*//«/rfiiv»*M,  which  is  a  wmple  atrophy  of  the  bones,  similar 
effects  an'  pnnhircd.  Vi>il*  led  a  pigeim  ior  ayt*ar  on  washed  wheat  and  ilistilltd  water, 
at  the  otid  of  which  time  the  pigeon  apparently  did  not  differ  from  the  normal  binl.  A 
few  months  latiT  a  wing  was  broken,  and  the  aut<ipsy  dia»*ovcred  osteoporosis  in  high 
degree,  the  s*knll  l»eing  especially  attacked.  Wei.ske'  has  shown  that  rabhits  ultimately 
die  when  fed  on  oats  which  arc  poor  in  cnletum ;  the  oata  yield  an  acid  ash  and  prtHlucc  an 
add  urine.  On  autopsy  (.>steopon>His  is  found.  This  does  not  take  place  when  calcium 
carbonate  is  added  to  the  food.  Whether  the  loss  of  salts  to  the  bone  id  due  to  a  normal 
metabolism,  or  to  solution  due  to  the  production  of  acids  in  the  metabolism  of  protcid, 
is  an  unanswered  problem  (see  pp.  5(M),  511)  the  dist^nsi^iun  of  which  lack  of  space  forbids,* 
In  such  experiments  as  the  above,  the  percentage  of  ash  is  alwa>-8  diminished,  while  the 
percentage  of  organic  niattcr  always  rises,  whereas  the  actual  percentage  composition  of  the 
ash  itself  remains  the  same.  This  is  a  strong  argument  in  favor  of  the  view  that  Imjuc  is 
a  mineral  of  definite  clicmii'al  composition.  The  niineral  matter  of  h<inc  is  Vtclieve*!  by 
some  to  be  loosely  combined  with  the  organic  material,  principjilly  ossein,  but  of  this  there 
is  no  pruuf 

The  exact  amount  of  calcium  salt  necessary  to  keep  up  the  supply  in  the  adidt  body  is 
unknown,  hut  it  must  be  exceedingly  small.  A  dog  of  3.8  kilograms  eating  with  his  tbod 
0.O43  gram  CaO  maintains  his  calcium  c(|uihbnum  (Heiss). 

Keg;arcling  the  nl*^>rptton  of  nikiiini  saltit,  it  has  long  been  qiiestione<i 
whether   iniirgtiuii;  .s:ilis   can    be  absorbed,   since,  it   waa  argued,   in«>lub[e 

*  Ameriean  Journal  of  Phyti/ttogy^  1898,  toI.  2,  p.  47. 

*  E.  Voil :  Zcit*rhrijt  f&r  Biologit,  1880,  Bd.  1«,  8.  TO. 

■  Arekiv  fikr  erper.  Pathoiagit  wui  PHarrmtkologit  189S,  Bd.  S3,  R.  SK). 

*  Jlfrmtmn'a  Ifandbuch,  1881,  vi.  1.  S.  379. 

I  *  ZrtUeKrtft  Jur  Biologu,  lSy4,  Bd.  31.  a  421. 

^B  *  See  Weiftke,  Loc  eit ;  Bunge,  Pht/sioiogische  CAemie,  3d  ed.,  1 894,  S.  104 ;  V.  Noorden,  Path' 

H       ohgU  der  StoffweiudM,  1893,  S.  48  and  4ia 
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phosphate  wouid  immetliately  be  precipitated  in  the  blortd.  It  has,  however, 
beeu  uonclusively  shown  tliat  sueh  sails  whea  eaten  pmduce  an  inerease  in  tlie 
caleiuiu  uf  the  itrini;  ^  and  it  is  kiiowu  that  bkKxl  ha^  a  Mjiwial  capability  for 
carrying  calcium  ph'isjthate.  Calcium  carbonate  and  chloride  are  capable  of 
absorption,  while  absorption  of  the  phasphatc  may  be  considered  as  still  in 
doubt.  li'  oalciiun  chloride  be  jjivcn,  a  litlh'  of  the  calcium  api>ears  iu  the 
urine,  and  all  of  the  clduriue,  this  being  due  to  the  conversion  in  the  intes- 
tine of  calcium  cidoride  into  adciura  carbonate  and  sodium  chloride,  which 
latter  is  ctHiiplctcK-  absnrlxih  (>r*^unic  sails  of  calcium  such  aa  the  acetate  are 
absorl)able,  as  are  probably  proteid  combinatious  with  calciutu  such  as  casein. 
Milk  and  ej^g-yolk  are  the  ftMjds  richeist  \\\  calcium  suhs,  eow'^  milk  containing 
more  calcium  to  the  liter  tlmn  dtxy  lime-water." 

The  exci-etion  of  calcium  takes  ]»lact.'  in  major  part  as  triple  pho?pl»atc  from 
the  wall  of  the  small  iiiti-htine,^  la  luijior  part  tlirough  (ho  urine  (for  the  latter 
see  pp.  515  and  524).  It  is  excreted  during  starvation,  and  is  the  priucipal 
inorganic  constitueiit  of  starvation  feces  (Voir),  Ttic  si'cri'tiotis  of  tlic  intes- 
tines, aeconliug  to  Fr.  Mullcr,*  hanlly  contain  enough  calcium  to  account  for 
that  found  in  the  feces,  so  that  it  is  probably  excreted  by  the  epithelial  cells 
of  the  villus.  In  starvation  tlie  source  of  excreted  calcium  is  princijmlly 
from  the  breaking  dovvu  of  tissue,  but  partially  from  the  metabolism  of  the 
banes.  The  excretion  is  never  large.  On  subcutaneous  injection  of  small 
amounts  of  calcium  acetate  iu  dogs,*  the  calcium  excretion  may  be  raised  for 
several  days.  On  venous  inj*;<'tiou  of  0.8  gnim  ( 'a(>  as  acetate,  after  one 
hour  but  O.t'J  gram  could  be  found  above  the  nijrmal  in  the  bh>od,  and  analy- 
sis of  the  liver,  kidney,  spleen,  and  intestinal  wall  failed  to  reveal  more  than 
the  usual  minimal  anuumts  of  calcium.  As  it  is  never  rapidly  excreted,  it 
must  have  beeu  teniponirily  deposited  in  some  unknown  part  o\^  the  body. 

Strontium,  Sr  =  87.5. 

Cremer'  has  shown,  rm  adiliiiir  strontiiim  phosphalc  U)  ilIidohL  caloiQiii-fine  food  of  young 
prowinx  dogs,  that  the  strontium  liitc  could  Ix,'  detf^i'ti.'d  in  the  subsequent  spectral  acalrsift 
of  their  bonea  Weiske,'  an  feeding  young  rabbits  with  food  nearly  free  from  calcium, 
and  with  addition  'tf  htmntiuui  utrbonatc.  fountl  ihe  ugh  in  fuuit*  of  the  bones  to  contain, 
iu  the  jilaue  of  t'aO,  lus  \\\u.\\  iia  4.Ui>  per  ivut.  af  SrO.  In  biflh  uf  the  above  experiuieiitH 
the  skeleton  remained  very  undevelo]!e<l  in  <iini]i:irisiin  wifh  the  normal,  «o  that  strontium 
cannot  be  coDAtdercd  a  physiulogicjil  suhfltitute  fur  caliium. 


»  Rtidel,  Op.  eit^  &  79. 

*  Bung«:  PhxftiologiKhc  ChanU^  3d  ed.,  189-1,  S.  101. 
«  Voit  F. :  ZeiUchriftfur  RioiofjU,  189:^  Rd.  29,  a  325. 

*  ZeUaehri/t  /Sr  Bitdoffif,  1894,  Bd.  20,  S.  350. 

*  Bey:  Arehw  Jur  cijkt.  Pathologic  und  Phnrmakdwji<,  1895,  Bd.  35,  R.  298. 

*  SiUunqAerichu  da-  Oe-teUtiehq/t  JUr  Morphotogie  und  Phytioloffic  in  MuneKeti,  1891,  Bd.  7, 
8.124. 

1  ZeUsehrift  far  Biologic,  1894,  Bd.  31,  S.  437. 
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MAGNBBirTtf,  Mg  =  24.3. 

This  18  the  second  in  impurtaucc  of  the  alkaline  earths.  It  is  present 
wherever  calcium  i.-i  tound^  but  in  comjMinsou  with  calcium  it  has  been  little 
inve3tigate<l.  Tt  ^^icours  urincipjiUy  as  phosphate,  but  is  found  as  carbonate 
in  herbivorous  urine.  Of  tlio  total  qiinntity  of  magnesium  in  the  dog,  Hcihb 
found  that  71  per  cent,  belonged  to  the  bones.  It  is  found  decidedly  pre- 
dominating over  calcium  in  muscle,  but  is  less  in  ijuantity  than  wikium  in 
the  blo<xL 

Magnesium  Phosphates. — Magn**ium  tertiary  phofaiphate,  Mgj(P()^),,  is 
found  in  the  ash  of  biHic?^  to  the  extent  of  :tl>out  1  \yet  cent,,  is  pi-escnt  in  blootl 
and  es[>ecially  in  mu^^ele,  probably  in  ootnbinatioii  with  proteid,  and  contrib- 
utes to  tfje  functional  activity  of  protoplaj^m.  It  is  c*»ntinuously  excreted 
by  the  walls  of  the  inlcstinal  canal.  The  primary  and  secondary  phosphates 
of  magnesium  are  found  in  carnivoroii?'  urine,  solution  of  the  latter  being 
aided  by  the  prest^nc*  of  primary  alkali  phosphate  and  sodium  chloride. 
Tertiary  phosphate  of  magnesium  is  Insoluble  in  water,  the  secondary  very 
slightly  so,  the  primary  fpiite  soluble ;  but  all  are  soluble  in  acids.  In  the  am- 
moniac^d  fermentation  of  tlie  urine,  nnimotiiuin  utaf/natium  pJuinpIuUcj  MgNH^- 
PO|,  is  precipitate*!  as  n  fine  crystalline  powder  insoluble  in  alkalies.  When- 
ever this  fermentation  takes  place,  whether  in  the  bladder  or,  by  similar 
reaction,  in  the  iiitc^^tines  (herbivora  es|>ecially),  stones  are  formed.' 

Magnesium  Carbonates, — The  neutral  carV)nalc,  MgCOj,  is  insoluble  in 
water,  but  Hfiluhlc  in  water  wfntaiuing  <5irlMuiit'  oxide,  fnrtuing  sc.MX)ndary  or  acid 
carbouate,  MglLtCOj),.     This  latter  ot.'('urs  in  herbivorous  urine. 

MAQNii^lUM  IN  THE  B(jDY. — Considerations  regarding  the  abtiorption  of 
calcium  apply  likewise  to  magnesium.  It  is  absorbed  by  the  intestine  w<  inor- 
ganic and  probably  as  organic  combinations.  If  growing  rabbits  be  fed  on 
A  diet  ]KK>r  in  calcium  salts,  but  <x>ntaining  magnesium  earbcmate,  the  bones 
may  be  brought  to  contain  double  the  normal  (piantity  of  magnesium,  but  the 
skeletal  deveh^pmt'nt  remains  iar  l>e]iii]d  that  of  a  nurmal  nibbit,  and  there^ 
fore  maj^uesiuiti  «m  in  no  sense  be  consideretl  a  siibhtitute  for  calcium.*  The 
magnesium  salts,  whether  phosphate  or  carbomite,  being  more  soluble  than  the 
calcium  salts,  occur  in  the  urine  in  gn»ater  abundance.  Iml^vil^  in  carniv- 
orous urine  the  major  part  of  excivt^.-d  magtje^ium  is  found  in  the  urine,  the 
balance  being  given  oif*  through  the  intestinal  wall  to  the  feces.  Ib  starvation 
the  source  of  the  excrele<l  magnesium  is  fn»m  the  bones,  and  especially  from 
destruction  of  its  combination  in  proteid  metalxjlism. 

Iron,  Fe  =  56. 

This  is  the  one  heavy  metal  which  is  an  absolate  necessity  for  the  organ- 
ism. About  three  grams  occur  in  the  average  man.  It  has  been  demon- 
strated of  certain  bacteria  that  they  will  not  develop  iu  the  absence  of  iron, 

*  For  example  in  man  see  C.  Tli.  Muroer:  Zeiijtehrift  jUr  pkymolo^ke  Ckanie,  1897,  Bd. 
22,  8.  522. 

>  Weiskc :  Zeitxhrifi  /kr  BiologU,  1B(M,  Bd.  31,  8  437. 
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and  this  is  believeil  to  be  true  of  all  protopla=nn.  Tnin  is  fniind  through- 
out the  body,  and  Is  esijecially  an  ingredient  of  haemoglobin  (0.4  per  cent.), 
which  carries  oxygen  tu  tlio  tissues.  It  is  found  depcwitod  in  the  liver  tind 
the  spletm  as  fcrnititi,  hcpitliij  nnd  other  less  investigated  orgrinic  ronipoimd^. 
It  is  found  in  muscle  washed  fre<?  from  blood.  Iron  apj^ears  in  urine  and  in 
milk  UA  or^iuic  compounds,  and  in  the  bile,  pistric  juice,  aud  iuteatines  an 
phosphate,  iu  the  feces  as  sulphide.  Iron  occurs  in  two  tortus,  the  ferro-  and 
ferri-  compounds,  in  which  it  has  respectively  two  and  three  l>onds. 

PerroBulphide,  F*^. — This  is  found  in  the  ftrcs  aud  is  tlie  ]>rtxluct  of 
the  actiou  <tf  sulphuretted  hydrogen  or  alkaline  sulphide  on  both  inorganic 
iron  and  likewise^  more  slowly,  on  oi^auic  iron-containing  compounds  (fer- 
mtin,  haeniatogcn^  etc.).  Ammonium  sulphide  acta  in  a  similar  miuiuer,  aod^ 
iu  all  casc8,  ferric  t-alts  ai-e  reduced  to  ferrouH : 

2FeCl5+  3(NH,)^=  2FeS  +  GNH.Cl  +  S. 

Ferric  chloride. 

Ferric  Phosphate,  FePO^. — This  is  found  iu  the  gastric  juioCj  bile,  and 
prf>bably  iu  the  intestinal  juice;'  it  is  not,  a^  many  have  Wlieved,  given  off 
by  the  cpithclia  of  (lie  intestines.  It  is  soluble  in  mineral  acids,  but  insoluble 
iu  vvatcr,  alkalies,  or  acetic  acid. 

Irox  in  the  Body. — Tlie  amount  of  iron  In  the  urine  Is  very  small, 
amounting  daily  in  a  large  starving  dog  to  0.0013-0.0049  gram*  Fee<ling 
iron  compounds  does  not  increase  the  amount  of  iron  in  the  urine.  Forster* 
fed  a  dog  ^^f  20  kilograms  for  thirty-eight  days  with  washed  meat  containing 
0.93  grams  of  iron,  and  in  the  feces  were  found  3.59  grams  belonging  to  the 
same  period.  Here  there  was  a  loss  of  2.66  grams  *  of  iron  from  the  body, 
and  the  necessity  of  iron  as  a  fo(Ml  was  cstablislitHl. 

CuDccniiiij;;:  die  method  and  the  aiuutint  of  inwi-iiUorption,  considerable  difficulty  haa 
been  encountered  owin^^  to  the  fact  that  both  absorptive  and  Ho<;retive  organs  lie  in  the 
intestinal  cunal.  On  reudini;  a  duj;  tl>r  thirteen  dayn  with  nieiit  cuntuining  0.  ISO  gram  Fc, 
tlicre  wt*nj  found  in  uriiiL-  anil  fei!t*»  fur  the  wimu  time  0.1705  ^rani  Fe;  tlien  (o  the  !*ame 
food  for  a  Hiuiilur  li-inith  of  time  were  a<ide(i  0.441  jjram  Fc  (as  sulphate),  makinik'  in  all 
0.636  gratu  Fe,  and  nl'  ihiis  0  t'>rts4  irrjm  were  rfrovercd  in  the  excreta.'  This  experiment 
proves  only  that  such  abHurption  as  may  tako  pluoe  is  pretty  nearly  balanced  by  the  excre- 
tion. After  eating  blood  the  fueea  an;  found  to  ftmlain  nuK'b  lircnmLin,  ami  it  has  been 
tlum^dit  tbul  iron  could  not  lie  atfswtrbcd  in  that  way,  Ijiit  Ab^lerhaMen*  lia^*  rtreently  shown 
that  there  ciin  l)e  a  finiall  amount  i^f  iron  alisorption  after  Ibedlnp  either  hemoglobin  or 
hfcniiitin.  -Runeo  lia-s  Sfiuglit  for  om-  of  tlio  antivi-dcnrs  nf  b:einoirlobin  in  epg-yolk, 
and  has  desi*ribod  it  as  an  iron-contnininp  nui'leo  alliuniin,  which  be  names  ha^matoc'en. 
That  and  .similar  aueleo-albuuiins  existing  in  pbrU8  tie  eoneciven  to  be  the  soun^  of 
abeorbahle  iron,  while  inorpnnie  salts  of  iron  aid  only  indinx-tly  by  funning  iron 
sulphide,  thus  prcvenlirig  ibe  svune  fommtion  from  orpanio  iron  (see  oliove).  Small 
amounlH  of  abs4^)rbid)Io  iron  an'  found  in  all  the  ordiniiry  cereal  fi>od8,^     Murfori*  has 

*  Mncallum  :  JnunuU  of  PhyfuJ^Hjrf,  18&4,  vol.  15.  p.  268. 
»  Foptter:  Z^tM'hnft  Jur  Hiologif.,  1873,  Bd.  ft.  8.  297.  »  /<or.  ciL 

*  This  6gure  is  probably  too  biph,  but  the  principle  itself  is  fundamental.  Bee  Voit^ 
Hermann'*  Hiuuih<fok,  1881,  vi.  1,  B.  385. 

*  Hsmburger:  Zritju-hrifl  Jur  phj/nofoffWhe  OAflm>,  1878,  Bd.  2,  8.  191. 

*  Zcii»rhH/t  fur  7J.W/.yiV,  IVOO,  Bd.  39,  S.  487. 

*  Bunge:  Zeii*chr\ff  fur  phyaiohgvKht  Omnif,  1898,  Bd.  26,  S.  36. 
■  Arrhicfur  erpcr.  Fittholoiju  utid  Pharmakoiogie,  1891,  Bd.  29,  S  212. 
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prepand  %  sobstanoe  irom  proteid  and  iron  8alt«,  called  femkt'tn.  which  conlnins  4  U>  $ 
piT  ccut  of  imn :  it  i*  n  oompotmd  iinnffcctcd  by  gastric  juiee  or  hy  boilini; ;  it  is  solu- 
ble in  the  alkaline  iiite.Htinf,  when^  it  ia  but  slowly  uflcftcd  by  alkaline  sulphide.  Now 
this  Aain<^  fomitin  in  Ibnnc]  in  the  Ixxly  it£clf.  i^peelally  In  the  liver/  ultlioujfh  not  the  only 
irun-ojutiUDiu^  Hubstunce  at*  tlie  liver.'  It'  ferratin  be  fed,  the  ((uuniity  of  it  increases  in 
the  liver.  If  a  doju:  be  fed  on  milk,  which  is  .ilways  |)oor  in  iron,  and  he  be  bW  fViim 
titue  to  time,  the  ferratin  di8ani)earB  from  the  liver,  boins  usoil  for  ilic  formation  of  new 
rwl  blood-eorpuseU'ii.'  8urh  aliverditefl  not  ehttniru  culor  when  places!  in  dilute  ammo- 
ninni  sulphide,  while  one  eontainiuL:  ferratin  or  other  iron  conip^junds  ;i!mdually  tumtt  blink 
from  inm  Hulphide.  If  milk  contuinin?  terratin  be  fed,  the  ferratin  may  Ite  lUputiileTl  in 
the  liver  for  the  use  of  the  IiIoihI.  Ah  it  irt  ii>>i  <K't-onii>otM'd  by  lH>ilinc:.  ft-rratiii  is  foviiid  in 
the  usual  uwked  meat.  Coneemin^  tliu  influence  of  inurgnnie  Mi)r>,  Sehmiedcber^  ujcrees 
with  Bumre  that  the  formation  of  iron  sulphide  protcctij  the  ferratin  from  attack. 

The  in»oliibtlit.v  of  iriMi  s;dt8  in  ulkahne  ^hitions  has  rained  the  ifuestion  of  their 
abson^tion  by  the  blo.>].  If  inor^raiiie  iron  s:dt»  be  iiyeeled  into  a  vein,  the  iron  reappears 
chiefly  in  the  inte.stlnt*.  with  imly  .'i  to  4  |H'r  cent,  in  the  urine  (.lakobj):  in  itK*  gre-Al 
quantities  they  have  pfiwtrful  toxie  propertien.  (lottlieb*  administered  0.1  frmm  of  iron 
ns  sodium  imn  Ijirtmle  sulM-utaneoiLsly  to  a  do};  durini;;  a  |>erio<)  of  nine  days;  tweDtyei^ht 
days  after  the  first  inji-ction  (1.(>1>6*.»  jaram  Fe  liad  been  removed  in  the  excreta  over  and 
above  the  normal  exerelion  raleuluteil  for  theaame  time.  It  wtu^  »hown  that  this  inm  was 
especially  stored  in  tlie  liver.  It  may  be  ar>:ued  that  sueh  iron,  beiii^^  foreijm  Uy  the  orpan- 
imUt  was  deposited  in  the  liver  and  ^rmdually  excreted  a»  other  heavy  metal»,  raercur>% 
i?op|ier,  lead,  would  l)e.  KunkeP  \\h\  mice  and  to  the  food  of  half  their  n!mil>er  addeil  a 
mdution  of  oxyclih>nde  id'inui  (  FeCljjFeiOH  ij,  li^iuor  ferri  oxychlorati) :  in  llie  livers  of 
thiMM'  fed  with  inm,  iron  wiia  present  to  a  greater  extent  than  in  the  others;  but  here, 
again,  the  HurpluH  L'an  l>e  attributed  lo  the  Hulphidcformini:  prote<tive  power  of  the  added 
aalta.  which  Kntikcl  udmii:!,  thou^'h  mainiainiujr  the  cimtnm'  grrmnd.  The  proof  of  the 
absorption  of  inortfaiiie  .sidts  emanates  from  ^Iuealluiu.*who  !«howed,  after  feeding  chtoridet 
phosphate,  and  Hulpliate  to  L'liint'a-pigH,  ihat  the  epithelial  (vlls  and  the  subepithelial 
leuotK'yies  of  the  intef^iines  >;ave  a  strong  microehemieal  reaction  for  iron  with  amtitonium 
sulphide.  With  umall  doses?  this  waa  obsiTved  only  near  the  pylorut^  fur  inm  is  soon  pre- 
cipitated by  the  alkidi  of  (he  intestines,  but  where  the  iron  salt  was  in  sufficient  quantity 
lo  neutralize  the  intestinnl  alkali  it  coidd  Ite  absorbed  the  whole  len>rth  of  tJie  small  intes- 
tine. Whether  inorgariir  iron  uuitcs  with  pmteid  l»efore  al»sorpiion  or  nut  in  unknttwn. 
Aooorrling  to  Swiraki,  the  alwirlicd  iron  eomiwmnda  jkiss  into  the  lymph  or  into  the  blooti 
of  the  iKirtul  vein.  In  the  latter  they  are  taken  up  by  the  leuc^ocytes  (phagoi'yteb;  and 
carrietl  Co  the  liver.  Fastint?  jruinea-pi^rs  which  have  been  prc;vonteil  by  muzsling  from 
eatin;;  their  fece.^  and  tbiw  deprived  (if  even  a  small  quantity  of  iron,  are  more  smieeptible 
to  disease  than  the  same  uiuuuzKled  animaln.  The  iron-containing  phagocytes  are  believed 
10  destroy  bacterial  |>oi»<ons. 

Regarding  the  t  runs  formation  of  iron  compounds  after  absorption  into  hiemoglobin, 
little  is  known  except  tliat  the  necessary  syDlhe?4is  takes  place  in  the  spleen,  in  the  Ume- 
mam»w,  and  probably  in  the  liver.  On  the  destruction  of  reil  blood -corpuscles.  pr».»teid 
bodies  holding  iron  in  combination  are  deitoaited  in  the  cells  of  tlie  liver,  spleen,  bone- 
manow,  and  kidney,'  this  being  noticeable  in  pernicious  annsmia.     On  the  pfodiietion  of 

'  Marfori,  lac.  rit.,  and  Schmiedeberg.  Atrhiv/Sr  erper.  Foihoio^ie  wmi  Pknt-maiotoffie^  1804, 
Bd.  33,  S.  101. 

*  Vay :  Zeiuchrift  fur  ph^iofo^he  Chfmif,  1895,  Bd.  20,  S.  398. 

*  Schmi«<l«berg,  Op.  eit,  8.  110. 

*  ZritM-hri/i /iir  phyntol^ujtMrKr  CKemU,  1891.  Bd.  15,  a  871, 
»  Pjiiiga'9  Archir,'  1891.  H.i.  60.  S.  11. 

*Swir«ki:  pjitL,  18110,  &1.  74,  S.  466;   Jovmal  t^  Pkynoti^gy,  ISO-I,  vol.  16.  p.  268. 
V  Sohorig:  ^roAir  fur  erper,  PiMlhoto^  mmt  Pharmakoloyif,  18SkH.  Ik],  41,  S.  20. 

Vol..  t.— .14 
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icterufl  with  arseniurett«?(l  liydroRen,  aimllur  iron  tDiuftounJti  iipe  noteti  in  the  liver,  being 
cleava^te  prmhirtic  nf  hieiiiovloliiri  in  its  (raiisfni-tiKititm  to  hiliury  cobrinp  inatl«r.  The 
amount  of  iron  normally  fxrrctf<i  rrmn  the  inMly  is  Hir  Irsx  than  the  (.'orreRfxiniling  biliary 
coloriniT  matter  (seu  ll!pm(>i'lironioiroii).  nhowinp  that  the  rest  of  the  inm  is  retain».*J  far 
further  ilso  in  wiistnuting  now  Iia'mojjiobin.  AHer  extirpation  of  the  spleen  the  amount 
of  oolorintr  matter  in  the  bile  may  det'rease  mure  tlian  unu-hnlf,  iodieating  that  biliary 
oolorin>r  matter  is  normally  forincfl  in  the  t*|)lceii  throuirh  the  dcatruction  of  hjemoglobin, 
and  is  i^arried  by  the  p(»rtrtl  vein  to  tlio  liver.' 

Iron  is  excreted  as  plmsphntr  in  the  D-a^trie  juice,  in  bile  [in  oonsiderable  quantity),  and. 
acoordini?  \o  Maealluni,'  tri  tlie  intestinal  juiee.  In  the  urine  it  is  jtrescnt  as  an  unkiiown 
orpranio  conipoinid. 

A  newborn  child  or  animal  bus,  propurtionately  to  ita  weight,  {m  more  iron  than  at  any 
other  time  of  its  Hfe.  Tliis  iron  is  lost  only  very  slowly,  hence  tlie  vco'  small  quantity  of 
iron  in  the  milk  answers  all  neeessitiofl.  The  other  suits  of  tlit;  milk  arc  in  the  same  pro- 
portion to  uno  auutlier  a^  arc  the  salts  in  the  newborn  uiiiuial. 

Tables  rcpresontinK  generally  accepted  analyses  of  the  mtneral  constituents  of  the  more 
important  fluids  and  cells  «if  the  body  an?  subjoined.  Only  verj'  pronounced  difference* 
are  to  be  taken  tutu  eoiisidemtion  iu  drasving  e^ineltisiona,  for  analyses  of  animals  of  dif- 
ferent specieSi  or  of  the  same  speciesi  or  even  of  the  same  animal  at  different  times,  sliovr 
wide  variations.     The  tables  represent  parts  in  1000  of  fresh  substance: 


I. 


teliTa><doff)  .  .  .  . 
PaDOTMa*  (ooK)  .  . 
OMtrIc  lulo«7}dog). 
Fiwta  bAe«  (doff)  :  . 


K^*. 


aa» 


0.022 


SCI.  iNaCl.l   Nb,CO|. 

I 


0,M0 

0.93 

1.125 


1.546 
3.58 

2.507 

a  186 


0.940 
OjOU  ' 


CaCO. 


OJSO  O.llS 

0.07 
0.0M<CaO|}    1.720 

ojoao  o.oao 


Ca,P04.     MgCOfr 


O^KltflO) 


K«.(P04)r 


aoi 
0i2afi 


FePO*. 


Q.0fl2 
0.021 


II. 


K,0. 

Ns«a 

cao. 

MgO. 

F«,0,. 

CL 

PiO*. 

Blood-wrumT  (dog) 

BUKKlHH)rpu»cle»"(pig) 

ENn^Hl-ftt-niin"  (pig) 

Muscle  ■(ox) 

0.202 
5/4.1 

4.654 

l.«7 

4.341 

0 
4.2T2 
0.770 
1.05 

O.lTtt 

0 
0.136 
0,066 
1^ 

0.M1 

0.166 
O.OBB 
0.413 

o.ao 

0.01 

0.057 
0.003 

8.961 

l.tt04 
3.6U 
0.072 

1.W 

0.486 
2.067 
O.IBS 
4.«44 

MUk">(oowi 

1.60 

>  Pug]ie«e:   Arrkiv  fSr  PhtflnolngU,  1890.  8.  80.  »  Op,  eiL,  p.  278. 

"  Herter:  Hoppe-Seyler's  Ph\mologiiKhf  Cftfmi^  S.  192. 

•  Kniger:  QuoUsi  by  Halliburton,  Chemigtry,  Phyaiotogictd  and  Pathologicai,  p.  656. 
^  Bidder  and  Schmidt ;  Quoted  by  Halliburton,  Op.  cit,,  p.  638. 

•  Hoppe-Seylcr  :  Phynoio^nrJte  Chcmie,  8.  302. 
'  BuoKD :  Ibid..  3d  ed..  S.  265. 

•  Op.  «*(.,  S.  222.      For  other  similar  blood  analyses,  see  Abderhalden,  ZfitaeHrift  Jw 
phynclo^'srhe  Chanir,  1898,  ltd  %%  S.  65. 

•  Bunge :  Ibid,,  1886,  Bd.  9,  S.  60. 

*«  Bunge :  Phywioto^ueKe  CAemie,  3d  ed  ,  S.  lOa 
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THE  CHEMISTRY  OF  THE  COMPOUNDS  OF  CARBON. 

Derivatives  of  Methane. 

The  complicated  struoture  and  the  great  variety  of  the  eompouuds  of  car- 
bon are  due  to  tlio  fnrt  fh:it  carlyon-atoms  have  a  greater  power  for  union 
witli  one  unotluT  \hi\u  Imve  the  atoms  nf  otlier  cl<?nKMit.s. 

Satxirated  Hydrocarbons  or  Parafi^e  (formula,  CnHjo  ^  j ). — 

Methane,  C'EI,,  gns.  Pentane.  C^Hu,  liquid  iit  38*. 

Ethane,  Cflc     "  Hexano.  CH,.,           "    7P, 

Pn^pants  CJI..    "  Heptane,  C,H„,          *'    98°. 

Butane,  C«H,„.   "  etc. 

These  are  the  ronstittipiits  of  pemflpum  and  natural  gaa,  and  are  formerl  h.v  the  action 
of  luw  lie;il  Dii  ru:il  unilrr  pri'ssun?  in  tin;  ahsuiHW  of  oxyjEren.  and  are  pnibaWy  tiorived 
from  ftiMftil  aiiimat  fat,  >iuce  it  \nis  been  »thi>wn  that  the  pitraffins  may  be  obtained  in  large 
quantity  by  hcatint;  tii^h  uil  at  a  pre^tsure  of  ten  atmospheres.'  The  puniffiris  may  all  be 
ft>nned  synthetically  friHu  methane  by  the  ariiuti  of  »j<Jiuiu  on  halogen  coui])OundH  of  the 
group: 

2CRJ  -f  2Na  =  CH,  +  2NaI. 

C,H  J  +  OH  J  +  2Na  =  C,Hg  +  2NaT. 

Thij*  may  be  continued  to  fonn  a  thporctieally  endless  niimlier  of  coui|M>ui»d8.  Paraffins  are 
notably  resistant  to  eheHiieal  reagents,  uol  being  affected  by  cither  eonecntrated  nitric  or 
sulphuric  acids.  Vavriiitt:  eontaina  a  mixture  of  panffiii?!  mellinii  btdween  'M)°  and  40° 
By  Huu«i,7eYu>ielinti  tuny  be  ub»orl>oil  by  the  jikin,  throui^h  (be  epithelial  i*elU  of  the  seba- 
ceous glands.  In  rabbitfl  and  dogs,  direetly  at^or  Kuch  treatment,  it  may  1h^  detected  de- 
posited espet'taliy  in  muscle,  but  it  is  for  the  greater  part  destroyed  in  the  body.' 

MoNATOBiic  Alcohol  Radicals. 

These  are  radtrubt  whirh  may  be  (x>nftidered  a8  pjiraffins  less  one  atom  of  hydrogen,  and 
therefore  Imving  one  tree  b(*nd.  They  form  tlie  basirt  of  homologous  series  of  alcohols 
and  oc'idK. 

Monatomic  Alcohols  (general  formula,  CnHjn  ♦  |OH). — 

Methyl  aleohol.  CH,(>H.  Amyl  alcohol.  CJ1,/)H. 

Ethvl  uloohol,  C'.H^OH.  Hexyl  alcohol,  Ujl^un. 

Propyl  alcohol,  CJI.OII,  Heptyl  alcohol,  CtHuOH. 
Butyl  alcohol.  C.H^OH.  etc 

Gnirral  Rrartioim  for  Primary  Alcohak, — (1)  Alcohols  treated  with  sulphuric  acid 
give  ethen  (see  Kthyl  ellicr) : 

2CH,0H  +  HjSO.  =  ch!>^  "^  ^^^  +  ***^^*- 

Methyl  ether. 
(2)  Aleohobt  oxidized  give  first  aldehyde  and  then  acid : 
CH,OH  +  O  =  HC  ^2  +  H,0. 

Mcihyl  ald(^b7de. 

CH,0  +  0  =  HO<gH 

Ft^nnii-  acid. 
>  Eugler  :   Ba-iehle  dtr  tiruUchm  thnmWhen  QeatlUehaJt^  1888,  Bd.  21,  8.  ISld. 
*  Soubimwki:  Archivfur  txprr.  Putholofjie  und  Pharmakoloyie^  1893,  Bd.  31,  8.  329. 


632  AN  AMERICAN   TEXT-BOOK   OF  PHYSIOLOQY. 

(3)  Primary  alcohols  may  be  prepared '  by  rcdiuiion  of  t]je  aldehyde  with  nasoent 
hydrogen, 

cH,(iio  +  II,  -  cn,cn,OH 

Elhyl  aldebyde.  Ethyl  alcohoU 

and  nmtlarly  by  re<Im*tinn  of  the  arid. 

Secondary  Alrrtft'ifs. — Frutu  prupyl  uU*uhol  upward  tliore  are  alcoliols  ifiumeric  with  the 
primary  aloohoU,  biU  tu  wh'n  h  the  .LM»aiiiii^'  11  — Clinil  —  R  is  churaoleristic.  Theac  are 
BecoDdaiy  alcoholsi  aud  may  W  pr*jdiK'ed  by  tlif  action  of*  iia»t*»t  hydrogen  on  ketones: 

CH,  -  CO  -CH,  +  Hi  =  CH, -  CllOn  -  CH,. 

Acetone.  laopmiiyl  ttlcohol. 

Terlianf  AMuth.—Thi^c  have  the  general  formula  Ri_7('0H. 
Monobasic  Acids — The  Fatty  Acids  (fttrimiiii,  (/^Hj^Oj,). — 

Formic  acid,  1)  COOH.  Capric  acid,  C,H,.COOH. 

Acetie  aeid,  CH,('(H)H.  Laurie  acid.  C,[H,/'OOH. 

Propionic  twid.  C,H,rOOH,  Myristio  acid,  Ci,tl;:('(>(>H. 

Butyrie  acid,  C,H,(.'OOH.  Palmitic  acid,  (;„H,,CO(>H. 

Valerianic  acid.  CJI,(TM1IL  Stcarie  aeid,  C,.Hi:,C()niI. 

(.'apniif  iicid,  CJIuruOFI.  Anudiidi*^  arid.  CigFl.H^C^H)!!. 

(Knanthylie  acid.  (VN./'OOH.  LViotk'  aeid.  (yi^^('t^OH. 

Caprvliu  acid,  C;n„C001I.  3Ielissic  add,  C«,H„C()OH. 

These  are  oriranic  compoimda  of  acid  reaction  in  which  one  atom  of  hydrogen  is  replace- 
able by  a  metal  or  an  organic  radical  Combined  with  glycerin  the  higher  members  of  the 
aeries  f*H*iii  i\  iipj  form  thu  ncuLrul  \\\U  ut'  ihc  urtranitsiii.  Ity  di.stilliuiou  of  a  fatty  acid 
with  alkaliuu  bydriilt!,  a  hydrLx.-urbi»n  in  uliiuinu'd  containing  one  earWi  atom  less  tlian 
the  acid  nsed. 

CHsCOONa  4-  NaOH  =  CH,  +  Na,COt. 

Preparation. — (u)  Through  oxiilalion  of  abtohols  or  of  aldehydes, 

CJUOH  +  O,  =  CH.COOH  +  HA 
(6)  Through  the  action  of  carbon  dioxide  on  the  sodium  compound  of  aloohol  radically 
CH»Na  +  CO,  -  CH.COONa. 

Compounds  of  Methyl. 

Methane,  or  Marsh-^as,  C'H^, — This  gas  is  jirf»duceil  by  intestinal  putre- 
faction, aud  i^  the  only  hyclnic'arbon  foiin<l  in  the  IxkIv.  It  is  formed  in  largest 
qnanlitioy  frnin  the  fcrmcntatinn  of  wlhihise,  wliitdi  takes  plnce,  neoording  to 
Hoppc-S*?vler,  tlius  : 

Tapi>einer^  finds  that  less  (.'H^  than  COj  is  pnxlutred  in  cellulose  fermenta- 
tion in  tile  int^^T'tino,  aud  that  the  lower  fatty  aeid.s  (acetic  to  valerianic)  are 
also  formed.  Tlijs  putrofiu'tion  is  es|)ecially  jj^rtat  in  the  ca^mm  of  herbivora. 
Metlmiie  is  alno  a  prtKlurt  of  putrefaction  af  prnteid  (but  not  of  caseia,  sinoe 
it  ia  not  present  wlicn  milk  is  fed).     Through  tlie  putfetkction  of  cholin,  a 

'  Again  nttcntion  in  called  to  the  fact  tliat  ihu  list  of  Uickc  reactions  is  in  no  wise  complete, 
but  only  intendvd  to  be  wiggeative  of  what  rthould  be  mastered  from  a  text-lx)ok  on  general 
cheountry. 

*  Zeitsehrifi  fur  Bidogit,  1884.  Bd.  20,  S.  84. 
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decompoHidoTi  prtxiiRl  of  letntliin,  nu'thaue  ii^  likewise  cvoIvhI  in  small 
quantity.'  Further,  njcthane  niav  be  proiliK'<i:l  from  the  putrefaction  of  metal- 
lic acetates : 

CaC\HA  -h  2H,0  =  CaC^,  +  CO,  +  H,0  +  2CH,. 
Properties. — A  colorless,  odorleas  jpw  which  burns  with  a  dull  flame.  It  is 
absorbed  by  the  I>Io(mI,  and  in  the  herhivora  is  given  off  by  the  lungs  often  iu 
larger  quantity  thiiu  from  llu- nxtuin.^  In  man  only  little  is  pnKlnced.  Methane 
is  not  oxidizwl  in  tl»e  Ixxly,  ami  vs  harmless  when  respired,  even  whez)  10  or  20 
per  cent,  in  volume  is  prc^Hrnt.* 

Trichlonnethane,  or  Cbiorofonn,  (-HCI,.— This  temp<^rjirily  pftralyie*  ncnres  and 
nerve  €eutru^.  It  is  pnuvliiuHy  reiuuved  oh  vajKir  through  the  hiiigs^  but  in  partinlly 
burned,  thereb>'  iiicrea»in^'  the  tnorgHiiic  etdoriijes  id  the  urine.  *  Aflor  giving  ohlproform 
it  may  it«elf  occur  in  the  urine,  and  likewise  a  Bubetunov  whioji  reduces  Fehling's  solu- 
Uon»  glycuronic  acid  (which  nee). 

Methyl  Aldehyde,  or  Formic  Aldehyde,  H.CHO. — This  may  be  pro- 
duced synthetitxilly  by  pasfing  vapor  of  methyl  alcohol  mixed  with  air  over 
an  ignited  platinum  spiral^ 

CHjOII  +  O  =  H.CHO  +  H,0. 

Ou  cooling  the  va]x>r,  the  aldehyde  is  found  dLs.solved  iu  the  alcohol.  On 
evaporation  of  the  alcohol,  the  aldehyde,  through  condensation  of  three  of 
its  uiolifukT^,  forms  a  cni'stalline  body  having  the  coui|HJtfition  (HCIIO)^  and 
caile<]  parafonnic  aldehyde.  This  latter  treated  with  calcium  or  UKiguenium 
hydrate  again  suffers  coudetisatiou  with  the  pr<xluction  of /ortwj^r,  C,II|jO,,  a 
sweet-tasting  sugar  (Fiutlerow,  I.K)ew)  idonttcal  witli  f-fnictose  (Fi.s<'her). 
Baeyer^  first  suggested  that  the  ^•ugar  syulhi-si.s  in  tlie  plaut  was  analogous 
to  the  above  ppx-c-vs.  He  <Y»nceived  the  reduction  of  carlxm  dioxide  to 
carbon  monoxide,  wliieh  unite*]  with  ch!nro}ihyll,  and  afterward  through 
hydroi^n  mldirtiui  becaino  forrnit*  aldehyde;  then  in  upward  stages  became 
nieluforuiie  aldehyde,  sugar,  starch,  and  celluhje*e.  lieinke*  has  shown  the 
presence  of  ibrniic  aldehyde  in  chlorojihyll  leaves,  and  believes  its  produc- 
tion due  to  the  rc^hiction  of  carlwnic  acid  through  the  power  of  the  sun 
on  the  leuf^  tlius : 

H,C03=HCHO-f  O,. 

Bach^  states  that  rarlx>nic  neid  and  water  in  the  prc^nce  of  uranium  acetate 
yield  formic  aldehyde  and  nascent  oxygen  when  phu*cd  in  the  sun.  According 
to  Stocklasa,'*  400  grams  of  fresli  leaves  (128  grams  dry)  of  the  sugar  beet 

>  Hasehroek :  ZfitMhrifi  fur  phy»ioUigi$eKt  OtemU,  1888,  Bd.  12.  S.  148. 

>  B.  Tackf :  (^Kittftl  tiy  Buugv,  Phytiohyitrke  Cknnie,  3d  ed..  18H  S.  ^\. 

'Paul  Bert;  ComiUe*  rnuiu*  dr  la  SoeifU  de  Btola^t,  1885,  p.  523.  Abstract  In  Malay's 
Jakrtthfricht  ul*a-  Thicrchnnie,  I88<i,  Bti.  Hi,  S   SlU. 

*  A.  Zellcr:  ZriUchnfi  /Or  phjfBtologuche  CVmiV,  1883,  Bd.  8,  8.  74. 

*  Btrirkie  der  drutMihen  cAonUrAm  GetfiltehaJU  1870,  Bd.  3,  8.  67, 
•/M.,  1881,  Bd.  R8  2M4. 

^  Ibid.,  18U4,  Bd.  2t1,  }^.  502  iind  08V. 

*8loeklafla:  Ztil^ekrifi  fb' pk^naUtgUcKe  OtanU^  181)6,  Bd.  21,  S.  83. 
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form    Byutheticuily  aud    seud  to  the  beet  root  31  grams  of  caue-augar  in 
thirty  days, 

Geiierttl  Brhninr  of  Ahh'hfths. — Tliey  act  ax  reJucing  agents,  beiug  readily  oxidized 
to  the  corresponding;  acid.  With  ntiscent  liydrogen  they  are  reduced  lo  alcohols.  A  Jis- 
tinolive  peaclron  ot'  alfloiiydes  and  ketones  is  tlieir  union  with  phenyl  hydmzin,  C^Hj — 
NH— NH.,  giving  hytivftzoms : 

CH5CU0  +  CoUsNiiNiT,  =  cn3.cH:N.Nn.c,n»  +  n,o. 

t^paratiotw—By  distillation  of  the  salt  of  an  acid  with  a  salt  of  formic  acid  : 
CH^COONa  -f-  HCOONa  =  Na,COB  +  CH,CHO. 

Acetualdi'lijilo. 

Methyl  Mercaptan,  CHsSII. — This  is  a  product  of  bacterial  action  on 
proteid/  and  is  found  with  HjS  in  the  intestine.  It  is,  furthermore, 
given  off  un  fusing  protiud  with  jiotaah.*  Methyl  mercaptan  Loils  at  5**, 
and  lius  a  str<Jiig  od^ir.  It  is  tiMiiid  in  the  urine,  es[>ecially  after  eating 
a8}>uragus,  giving  to  it  a  peculiar  sniell.^  According  to  Ruhner^  the  smell  of 
co(jke<l  i^iblwige,  canliflttwcr^  and  the  like,  is  due  to  metliyl  mercaptan. 

Methyl  TeUaride*  ^Ctlji/fe. — A  ^oduf  penetrating  ixlor  iatifid  in  all  exereta  of  an 
animal  after  feediuir  siilis  i»l'  tellurie,  HjTeOj.  ur  leUuviims,  HaTeO,,  im\d.  The  wdt  is  rc- 
duLvd  to  inL'tuUie  Telluriuni  in  ihe  biwly,  whirh  uiiitcy  with  a  na'lhyl  {L'^roup  in  some  way 
libenited  in  the  cuUb.*  .^KMailic  telhiriiiin  may  Ixi  micrusotipieally  seen  dep<.)Hi(ed  in  various 
celU,  ami  the  odor  of  (CHs),Te  may  be  detected  for  months  after  the  last  dose  ha*  been 
given  to  a  *;lop,* 

Methyl  Selenidef  (CH,)^. — This  is  very  simihr  to  the  hist-nanted  substance,  but 
mow  p(.pii«uni>u8. 

Formic  Acid,  HCOOH. — Fouiul  in  ants,  and  obtahied  by  distilling  them 
with  water.  Tresent  likewise  in  stinging-nettles  and  in  the  sting  of  honey- 
bees, watips,  and  hornets,  although  not  the  essential  poisonJ  Its  salts  are 
found  in  minute  {quantities  in  noniial  uri]U',and  are  present  os}>ecially  in  both 
Idmid  and  urine  in  such  diseases  as  letieocyt litem ia,  fever,  diabetes.*  Formic 
acid  may  be  obtained  from  the  oxidatiim  of  methyl  alcohol,  of  sugar,  and  of 
stari'ii,  but  not  friini  ihi^  liitliM"  two  in  the  body.  TJkewisc  by  heating  oxalic 
aciil, 


OOOTI 

coon 


HCOOH  +  CO, 


It  Is  found  in  the  urine  after  feeding  methyl  alcohol  un<l  other  methyl  deriv- 
atives, such  as  oxymethyl-sulfouiti  acid,  or  formic  aldehyde.  Ethyl  alcohol,  on 
the  contrary,  does  not  yield  it.^  It  is  the  lowest  rneml)er  of  the  fatty-acid  series, 
the  most  volatile,  and  the  least  nmdilv  oxidized  in  the  bodv.    If  formates  be 

1  M.  Neocki  :  Arekir  jur  txper,  PaUtohgie  uttd  Pharmakologie,  1801,  Bd.  28,  S.  206. 

*  M.  Kubner  :  Arehiv  filr  Uy^ime^  191)3.  '  Nencki,  ioc,  cit.  *  ioc.  eik 

*  Hofineirtter:  Arrhiv  fiir  rsprr.  PathoU,fjie  unit  Phm-vuiJ:ol(fffi^  1894,  Bd.  33, 53.  198. 
"  Beyer:  ArrJtir  jlir  Phij/fiotmjic^  Jahrgaog  1895.  S.  '225. 

'  linger:    Arr\iv  Jtir  (Tpcr.  Pafhotogu  \iud  Pharmnkolotjif,  1R97,  Bd.  38,  S.  381. 

•  See  R.  Jakseh  :  ZciUrhrift  Jiir  phi/siotoffiiKhf  ChcmU,  1886,  Bd  10,  .S.  537, 

•  Pohl :  Archip  fur  expcr.  FatlwLgU  und  J'harmnhjl'Hjif,  1893,  Bd.  31,  S.  298. 
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fc<I  they  apjK'iir  readily  in  the  iirinc.  It  has  a  penetrating  odor,  acts  as  a 
rt^ucing  agent  (HCtX)H  +  O  =  CO,-f  IT/)),  and  therefore  precipitates 
Fehliug'a  8ohition.  Outside  of  the  Ixxly  it  retidily  undergoes  oxidation  to 
water  and  carbonic  acid.  It  produces  inflniimialiiin  of  the  skin.  A  7  p<fr 
rent,  solution  given  tr>  a  rabbit  per  oa  has  a  nitJHt  powerful  corrosive  action  and 
results  fatally,  formic  acid  being  found  in  the  urine. 

Ethyl  Compounds. 

Ethyl  Hydroxide,  or  Ethyl  Alcohol,  C,HgOH. — Tliis  Las  been  detected 
in  minute  quantity  in  the  normal  muscle  of  rabbits,  horscB,  ami  cattle.* 
Yeaat-colls  prtMluce  a  fenucnt,  zymase,  which  acts  to  s[>lit  dcxtr(>s<»  into  alcohol 
and  carbonic  acid,  producing  likewise,  to  a  very  small  extent,  the  higher 
alcohols,  propyl,  isobutyl,  aniyl,  the  esters  of  the  fatty  acids  (fusel  oil), 
glycerin,  and  succinic  acid.  Sucli  fermentation  may  to  a  small  extcjit  take 
place  ill  the  intcstimr  arjd  likcwis*"  in  tin-  bladder  (<H'currencc  in  dlabrtio 
urine).  Pure  alcohol  is  a  colorless,  almost  odorless  liquid,  having  a  burning 
taste.  It  is  a  valuable  solvent  of  resin.s,  fat«,  volatile  oils,  bromine,  imline, 
and  many  mciltfanniits. 

TVuWiimr  arc  nleoholic  solutions  of  variouH  dru^  and  salt& 

LiqufHrs  an^  iuaiiu('a<  tiiml  t'rum  alojhol  pruiicrly  diluted,  and  treated  with  sugar  and 
characteristic  etheival  oils  tuiii  anmialics. 

DiMiUnl  fiqtiors  are  obtained  bv  the  distilliition  of  (he  fenuvutative  protlucts  of  vari'.ma 
substances,  whiskey  from  corn  and  r>'e,  nmi  Fruii»  luoliisses,  hnuidy  from  wine.  The  cha- 
rftcierizinir  taste  depends  on  the  different  ethereal  jind  fast:!  oils. 

Wi'iim  arc  produred  from  the  natund  teruR-ntation  of  grapo-juioc.  Sherry,  uiadcira, 
and  jMirt  are  forlitied  by  the  lurlhcr  addilinn  yl'  akuliul  und  sugar. 

Bet-r  is  made  by  cf*avertintr  tlie  stanh  nf  barliv  into  nialto.ve  anrl  dextrin  ihroiich 
diastase.  To  nn  nr|iii'oii.H  solulian  uf  tlie  ubovc  lidps  are  uddod.  and  I  lie  whole  is  boiled- 
After  the  Bcttlinv  of  prceipitalod  proteid,  ete.,  the  clear  sti|K*nmtant  flaid  is  drawn  off  and 
treated  with  yeast,  with  ultimaie  wnversioD  into  beer.    The  tasle  is  furnished  by  the  ho|)6. 

Al<:"<">hol  in  the  Bopy. — Alcohol  in  the  stonuich  at  tirst  prevents  the 
gelfftinization  neoessiiry  in  proteid  for  |x*ptic  digestion,  but  this  dilTiculty  is  of 
no  great  moment  because  the  al>sorption  of  alndiol  is  nipid  and  c*>niplcte. 
It  make)4  the  mutvtus  membrane  hy|KTieuiic,  promotes  the  aliMirption  of 
accomjxmying  sul>slance9  (sugar,  peptone,  potassium  iodide),  and  stinujlat^« 
the  flow  of  the  gastric  juice.*  In  this  matter  it  acts  as  do  other  condiments 
(salt,  jH.'p|>cr,  mustard,  |H.'ppermint),*  but  if  there  be  too  great  an  irritaliou 
on  the  inuotus  membrane  there  is  less  a<^tivity  (dys[>epia).  The  rajdd 
absorption  gives  to  alcohol  its  quick  rtvuiwrative  effect  after  collapse,  and 
its  vahie  in  administering  dnigs,  esjxK-ially  antidotes.  Aleoh<dic  I>everage8 
cond>iuing  ahtdud  ami  flavor  promote  gastric  dige^tion  and  absorption,  but 
oAcn  stimulate  the  ap|)etite  in  excess  of  normal  requirement.      Alcohol  is 

»Rajcwski:    Prfr*^*  ArrMv.  1»75,  BJ.  11.  a  122. 

'  Macfwlycn,  Nencki,  and  Sieber:  Arehiv  fur  cxjter.  Palholoi^.  nruf  PharmahiltMfU,  1S9!,  Ud. 
28,  S.  »47. 

■  Rrandl :  Zeitnehrift  fvr  Bioi»Jtrt\  1891'.  Bd.  29.  S.  277.  Chitt«n<l*>ii.  Mendel,  and  Jack»on : 
Amfricun  Juumni  vf  Pkygiolotpj,  18t'8,  Tol.  i.  p.  164.  *  Itruhd).  (>/j.  rit.,  S.  292. 
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burned  in  tlie  body,  Imt  may  also  Ix?  foiiiul  in  the  breuili,  ]H'rs|>ii'ation,  urine, 
and  milk.  Alctfhol  hxs  no  effect  on  protoid  deoompoeition,  but  acts  to  s|>are 
fat  from  combustion.*  The  addition  of  60  to  80  grams  of  alcohol  to  tlie 
food  h:is  uo  ap{)arcnt  effect  on  the  nitrogenous  equilibrium.*  Ak-ohol  in  the 
bcxiy  actj5  a*  a  iKindyzant  on  certain  jx»rtions  of  the  brain,  destroying  the  more 
deh'cate  degrees  of  attention,  judgment,  and  reflective  thought,  diminishing  tlie 
sense  of  weariness  (use  after  great  exertion — fnmishetl  to  armies  in  the  last 
hours  of  battle)  and  raising  the  seirnvteem ;  it  i»andyzes  the  vaso-coustrictor 
nerves,  pruludng  turgeseence  of  the  skin  with  aeeom]Kinying  feeling  of  warmth 
and  thereby  indin-ctly  aiding  the  heart.*  Alcohol  acts  to  stimulate  the  res- 
piration esjM»ci:illy  in  the  tired  aiwl  weak,  wine  with  a  rich  hoiKpit't  lik<' sherry 
bc'mg  more  effective  than  plain  alcohol.*  The  higher  alcoliols,  propyl,  btity], 
amyl  (see  p.  539),  are  nmn-  piisniKtus  as  the  series  ascends,*  and  are  less  vol- 
atile, less  easily  bnrneil,  and  therefore  more  tenaciously  retained  by  the  body, 
with  more  |)ernieious  rt*sultrt. 

Ethyl  Ether,  C,Hs.O.C,B&. — Tliia  is  furmed  by  the  action  of  sulphuric  acid  on 
alcohol,  thmi: 

Ether  IB  a  solvent  for  fut^,  rcsiriH,  and  ethcreul  oil?.  Kcspirod  with  air  it6  action  is  like  that 
of  chloroform,  prwluciiig  lenijioriiry  paniJysJH  of  (he  nenc»  and  nervous  centres.  Since  it 
boils  at  35.5°  its  tcnisiori  in  the  bloo<l  is  always  hi/^h,  and  it  is  prolmbly  not  burned  in  the 
body  to  any  great  extent,  but  when  present  is  ehniui:it<?d  throuj:h  the  breath. 

Ethrr»  in  general  are  neutml  ami  vcn.'  staMe  htitlirs,  und  nmy  be  consideretl  oxiilea  of 
organic  radielea.  They  uiay  all  be  prepared  by  builin?  the  eurre&[H)ndin^  alcohol  with  sul- 
phuric ucid.  MUeti  f(her»^  in  whidi  the  radielce  are  different,  are  prepared  by  boiling  two 
diiTercnt  alcohoU  with  sulplmrie  acid  : 

CII.IISO^  -Y  C,H,OH  -  CH,0(\H,  +  H,SO,. 

MeUiyl-etbyl  ethur. 

Chloral  Hydrate.  Cri/'HO  ^  ILO  or  (Tl3rFI((>H>,-Thia  is  tlie  hydrate,!  form  of 
trirhlor-ediyl  iildrhyde,  CCljCHO,  tind  is  lused  us  an  aniesthetic.  ll  is  an  intt.Te8titi>r  fact 
til  at  when  led  ii  purtiiilly  napiieurs  in  ihv  nvmn 'Ji»  HruchhH-fih'c  lu-if,  whieh  eonsiuta  of 
triehlor-elhyl  alcohol,  C'CljClliOll,  combined  with  glyouronie  acid  (which  see).  This  is  a 
notable  illustration  of  rtducliwi  in  the  body,  the  change  from  an  alilehydc  to  an  alcohol. 

Acetic  Acid,  CHjCOOH. — Awtie  acid,  the  .second  of  the  fatty-aeid  serica, 
is  found  in  the  intestinal  tniet  and  in  the  fei-es,  l>eing;  a  prodiurt  of  ]nitrcfaction 
(see  p.  .54o).  Tt  is  more  easily  bmiieil  than  furinie  auid,  and  when  absorbed  is 
resolved  into  CX)j  and  water.  It  is  found  in  traces  in  the  urine,  the  total 
amount  of  fatty  acids  normally  present  tjeing  0.008  gram  per  day.*  Like 
formic  acid,  and  accompanied  further  by  the  highur  ticids  of  the  series,  it  is 
present  in  the  blood,  sweat,  and  urine  in  leuco<.'ythteraia  and  diabetes.     The 

»  See  Rosemann :  Pfiu^ri^  Arrhiv,  180'.*,  Bd.  77,  S.  405. 

*  Sty^m:  Abstract  in  Centntthintt  Jiir  PhyaiUoyif,  1894,  Bd.  8,  S.  582. 

•  ^hmiedoberg :  GrundriM  iUr  Arziwiimtfdlehrft  2tl  ed,,  1888. 

•  Wwidelstadl :  Vfiuger'A  Arrhiv,  1S99.  lid.  76,  S.  "220. 

*  (iil.tiH  fliui  Rcichert:  Arrhir/iir  Phyxifdwiie^  1893,  Suppl.  Bd.  S.  201. 
«  V.  .InkiKli :  Zcit*chnji  /Ur  ph^iologimhe  CAoniV,  1880.  Bd.  10.  S.  536. 
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probability  that  acetone  is  Jcrivetl  from  fat  K-mltTs  it  possible  that  these  aciils 
may  also  be  tierivetl  from  fat,  and  not  from  a1>normal  pn^leid  dec«mp(>sition. 
OB  was  formerly  9n|*jH>s('d. 

Acetic  acid  is  Ihe  prixluct  of  tlie  uxidatloti  of  aletiliol.  This  may  i>e 
brought  about  through  the  prcsenoe  of  spong}*  }>latinum,  or  through  the  action 
of  bacteria  {Mtjc*)*lei*ynn  aaii)  on  dilute  aleohnl  (pn?|Wicalion  t^i'  vinegar,  sour- 
ing of  wine :  for  rwu'tion  see  p.  5^32).  Acetir  iU'itl,  as  well  as  ttllicr  higher  fatty 
acids,  is  one  of  the  produds  derivwl  from  proteid  through  its  piitrernetiou,  its  dry 
distillation,  its  fusion  with  j>otash,and  its  digestion  wltlj  bnryta  water  in  seale«l 
tubes.  Formic,  awtic,  ;uid  propionic  acids  are  products  of  dry  distillation  of 
sngtir  (formation  of  caratuel).  These  facts  are  of  iiii|j*jrtance  in  their  rela- 
tion to  the  question  of  the  production  of  fat  In  the  body.  Acetic  and  the 
higher  fatty  odds  are.  furth*  r,  ]>n>thii'ts  of  the  dry  distillation  of  wtnxl  and 
of  the  fermentiitiiiu  of  cellulose  (sec  }k  532).  Putrt^action  of  at«tat4i*  may 
take  place  in  the  intestines,  the  reliction  being  as  fitllows: 

2CH,COONa  +  2Up  =  NXCO,  -|-  2CH,  +  H,0  -|-  CO,. 

These  products  are  similar  to  those  in  the  marsh-gas  fermentation  of  celhilnse. 
T7»fY/ar,  whose  acidity  is  due  to  acetic  aoi<l,  is  used  as  a  condiment. 

Acetyl-acetic  Acid,  or  Aceto-acetic  Acid.  CHj.CO.CHj.C(M:)H.— This 
may  be  considered  as  awtic  acid  in  which  one  H  at<»m  is  replaced  by  ucctyl, 
CHjCO — ;  or  as  ^-keto-bulyric  acid.  Treated  with  hy^lnigen  it  is  reilut-ed 
to  ^-oxybutyric  acid  (C'lIj.ClIOII.CHj.COUH),  which  in  turn  may  be  oxi- 
dized to  the  original  sulMtauee.  Aceto-acetic  acid  readily  breaks  up  into  acetone 
and  carbonic  acid : 

CHjCOCH,COOH  =  CHjCOCHj  -h  CO.. 

Aceto-acetic  acid,  acetone,  and  icf-oxy butyric  acid  arc  found  in  the  urine  aonictimcs  sinjrly, 
somctiiuPH  (u^cthcr,  and  probubly  as  (he  reniilt  of  a  melal>«>]iMii  of  iat.  In  stanatiun  and 
in  diabetes  tliere  in  an  inrn'awd  ext-n'tiun  of  tho*e  b<xlies,  tor  tht're  in  an  increased  nietabu- 
lisin  of  fat.  Feeding  fat  iiirreases  the  (»<W*>H»nV#,  when.'a»  feediiinf  jiugar,  which  jirutwla 
the  fat  irotu  dtKtnuiiion.  decreasea  it.*  From  ilieir  rliemiral  rolatioiLs  already  uientioned 
these  stibstanreH  may  be  rcganled  aa  of  eoninion  4iri^in.  and  in  L^mfinnaiioTt  of  this 
Artkki '  has  nhown  tliat  on  feeiJing  /j-oxybutyrii.-  arid  it  in  oxidized  and  aeeto-uoelie  aeid 
•fid  acetone  mjy  he  detected  in  the  urine.  Tlu-  pinduetion  of  the  two  acids  tieeuis  to 
fiinhera  grndnal  neutraliRation  of  the  lloml.  ullinutely  causing  e«^ma.*  In  (he  pri'senee 
of  th«fie  subtttunee;^  ammonia  run>4  higli  in  the  urine,  and  in  amounts  proportional  tu  their 
excretion '  (oompare  p.  5d0). 

Aceto-acetic  acid  gives  to  urine  in  the  absence  of  phosphates  a  red  coloration 
with  ferric  chloride  (principle  of  tlie  reaction  of  Gerhardl). 

Axnido-acetic  Acid,  or  GlycocoU,  CH,.NH,.COOH, — This  U  a  substance 
obtained  by  lx>iliiig  gelatin  with  acitls  or  alkalies.  It  is  found  in  human  bile 
and  in  that  of  other  animals  ctmibined  with  cholie  acid  and  called  glycocholic 
acid.  Cliittoiidcn*  has  found  glyc*x>>ll  in  the  muscles  of  Peden  irradiann. 
It  is  found  in  the  urine  combineil  with   benzoic  acid  as  hippuric  acid  after 

■Literatnre  by  Waldvo^l :  Zrilnchrifi  fiir  ktinixrh^  MMiein,  18W>.  Bd.  38,  S.  506. 

'  ZriUrhrifi  fur  phyxiUogiwrht  Chrmif,  \mi.  Bd.  18.  S.  6. 

»  Muuxer  and  Stnuser:  Arehiv  Jur  exper.  PtithaUtgU  ipid  Pkanm^uiogU,  189.3.  Bd.  32,  S.  372. 

*  lAK.nU  »  AntMU-n  dtr  L^anie  imd  PLmwiMiyM;  1975,  Bd.  ITS.  S.  266. 
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feeding  benzoic  atld  or  olhii pounds  ivhit-h  the  body  converts  into  benzoic  add. 
In  a  similar  manner  plu'nacc'tnric  acid  is  found  in  tbe  urine  from  the  grouping 
tog;et|jer  of  glycocMjll  and  phenyl  awtic  acid.  Glyo*:"X>ll  and  urea  are  to  be 
obtaiucnl  by  the  decomposition  of  uric  acid  thron^h  hydriodic  acid,  Glycocoll 
forms  colorless  crystals,  soluble  in  water  and  having  a  sweet  taste. 

Glycocoll  in  Ihf  B*Mhf. — \^  ^lyeoooll  be  fed  it  is  absorbed,  burned,  and 
apjx.*ars  as  urea  in  the  urine.  The  faet  tiuU  dogs,  whose  bile  never  eoniains 
glyeot'holio  acid,  nevertheless  exerete  hipptu'ie  acid  after  being  fed  with  ben- 
SK>ic  acid,  indicates  that  glyeocoH  may  be  eonsideretl  a  normal  nitrogenous 
decoinposition-proilnft  nf  proteid.  Itj;  easy  cleavage  fn>ni  gelatin,  a  pnxluct 
tn;tnufuclur<*<l  from  pmt-cid  iu  the  Ixuly,  conlirnis  tfiis.  Ilctcnmlbumose  pre- 
pared from  fiiirin  likewise  yields glyeocol I  on  deeompositiou.^  Continual  daily 
ftM^liiig  ofsntrnMinit  hiMizoic  acid  to  f:istiiig  tjrcaschi-fi'd  ribhits  produces  a  oon- 
staut  excretion  of  liippuric  acid  in  such  a  ]ir(»i>orlion  to  total  urinary  nitrogen 
as  to  indicate  that  3  to  4  per  cent,  of  ihc  proteid  molecule  may  be  split  off 
in  metabolism  as  glycocoll.'  Feeding  g<'hitiu  will  n4»t  increase  the  hi]>punc 
acid  excretion  as  conjpured  with  l];e  totjil  urinary  nitrogen.  So  glycocoU 
may  be  a  cleavage  product  of  btith  gelatin  and  proteid  mctalwlism. 

Amido-  Acidn  in  Grnentf. — Tliese  acids,  sueh  as  KlycuculL  aspartio  acid,  ^Intamic  acid. 
leuctn,  rtntl  tynmiri  iire  ftjiind  as  piitrel'active  pnxhioti*  of  alluuniii  and  gelatin.  Tu  these 
acids  iho  iimido-  ^roup  is  verj'  stable,  and  ciinnot  he  rciiinved  by  boiling  with  KOII.  They 
are  all  converted  in  the  bftdy  into  the  amide  of  carlMinie  acid  (nrna).  Amido-  acids  may  in 
general  l>e  sjTithctically  formed  by  heating  mono-halopen  eouipoundsof  the  fatty  acida  with 
ammonia: 

CII/'ICOOH  I-  Nn,  -  CIKNIIaCOOH  +  HCL 

Methyl  Amido-acetic  Acid,  or  Sarcosin,  CHfc.NH.CH,.COOH.— This  is  not  found 
in  the  body,  but  is  derived  Irom  creatiu,  ifaeubromin,  and  cafieiu  by  heating  with  barium 
hydroxide. 

Propyl  Compounds. 

Normal  or  Primary  Propyl  Alcohol,  CH^CIIjCHsOH. — This  is  one  of 
the  hij^her  alculu^K  f<.irmcii  in  the  fermentation  of  su^ar,  and  on  oxidation 
yiehis  jiropyl  aldehyde  and  propionic  acid. 

Propionic  Acid,  CH3CH/XXJII. — Combined  with  glycerin  this  forms  the 
fcimj>les't  fat  ;  ?-alls  of  this  acid  feel  fatty  to  the  touch.  Proj)ionie  acid  is  a 
product  of  the  dry  distillation  t»f  su^ar,  of  the  butyrie-acid  fernjcntation  of 
milk-ijingar,  and  of  the  piitrefaetiou  vt'  proteid.  It  is  said  to  bo  present  iu  the 
sweat,  iti  the  bile,  and  .sjinetiines  in  the  et)utents  of  the  stoniaeh.  Like  others 
of  the  loWiT  fatty  acids,  it  may  partially  escape  oxidation  and  api>ear  in  traces  in 
the  nrine  (see  p.  536). 

;?-Acetyl  Propionic  Acid,  or  Levulic  Acid,  Clit  WII,(.'II/M)OII.— Thie  is  (he  next 
hi^diLT  huiuuloi^ue  to  act'lo-iax'tif  iwid.  Il  has  bi-en  oblaimd  mily  by  boiling  suniirii,  lispe- 
ciallylcvnlrr.se.  with  nrid  and  ulkulioc*,  and  axnoe  Kusmc^I  and  Nenuinnn '  found  tbat  it  ia 
yielded  by  t^oiue  inicleiiiH  they  eunvlude  timt  tl]i»  imlicates  the  presents  of  tbe  carbo* 
hydrute  rudical  in  these  auolcins. 

»  Spirr.:  Zeihtfin/t  ftir  piiygioUt^ucke  Chtmir,  1890,  Bd.  28,  8.  174. 

*  Piirker  and  Liisk  :   Antrrintn  Journal  of  PAy*f'»/»w/i/,  liHM),  Tol.  Hi.  p.  472. 

*  Verhandlting  <lt;r  Berliner  phrHiulogiiichen  (ifsi«l)iiL')iaft,  Archiv/ur  PhytiiMoffit,  18M|&$86. 
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Dimethyl  Ketone,  or  Acetone,  C'H/^OC'H,. — This  is  found  norninlly  in 
the  blood  and  urine,  and  in  especially  largy  quantities  in  iKitit^ntft  snflering 
from  an  abnormally  lar<ro  deooni|>usitii>fi  of  fat  (koo  p.  6?J7).  Durinjr  the 
first  <lay  of  -jtarvatton  by  (Vtti,  the  starvation  artist,  the  amount  of  acetone 
in  the  urine  rose  to  P»rty-oijfht  times  tlmt  of  the  day  previous,^  It  may  like- 
wise apprar  iii  tlie  hreath,  givinj^  a  elmnietoristio  oilor.  Aeetone  is  a  pnxluet 
of  the  dr\'  distillation  of  tartarie  and  ritrie  acids,  of  wood,  and  of  sugar. 
Oxidized,  acetone  yields  acetic  and  formic  acids,  whereas,  trt»ated  with  hydro- 
gen, It  is  resolvefi  into  secondary  pnipvl  alcohol.  When  acetone  is  in  the 
urine  it  i;*  also  found  in  the  int('^tinal  eaual  and  in  llie  fe<'es,  pnibalilv  hy  pas- 
sage through  l\\v  intcfttinal  wait. 

Butyl  Compounds, 

Normal  Butyric  Acid.  (lIjCHjCFTjC'OOH. — Butyric  acid  wag  first  found 
in  butter,  c<^tnibinod  with  glycerin.  When  free  it  give^  the  rancid  odor  to 
butter,  and  likewise  coutrilmt*^  to  the  ikIof  of  «weat.  It  has  been  dele<'ted  iu 
theaplwn,  lei  the  blocHl.and  in  the  urine,  hut  usually  only  iu  traces.  As  a  pro- 
duct of  putrefaction  of  pmteid,  and  especially  of  carbohydrates,  it  is  found  in 
the  intestines  and  iu  the  stttmach  wlu-n  the  acidity  is  iuguffieient  to  l>e  bacteri- 
cidal. It  4'oulribiiti's  ii>  th*'  unpleas;int  taste  af\er  indigestion,  through  the 
return  of  a  small  portltrn  of  the  eliyme  to  the  mouth.  Iu  cheese  it  is  a 
protluct  of  the  piitrelhctiou  of  i-jtsein. 

If  starch,  Hiigar,  or  dextrin  l>e  treated  with  water,  calcium  carbonate,  and 
foul  cheese,  the  carlwh yd  rates  are  slowly  converted  into  a  nia*is  of  calcium 
lactate.     On  further  standing  tlie  lactic  acid  is  ivsulved  into  butvric  acid  : 
2CIl3CiIOH(  -OOH  -  C,H/'OOII  r  4H  +  COj 

Calciuu)  ?yilts  are  fouuil  tu  putrefy  more  nwlily  than  others,  and  the  carbon- 
ate is  adde<l  above  to  neulnilizo  any  acids  formed  iu  the  putrefactive  process 
wliich  mi^lit  inhibit  i\w  action  oi'  the  s|>ores.  This  same  fermoutution  takes 
place  in  the  intestinal  tract. 

Iso-butyl  Alcohol,  tril,?, :  ('Htni^OlI.  -Tliis  is  found  in  fuBcl  oil. 
lao-butyric  Acid,  (CH,Ja:  Cll.COUii.— Thifi  in  n  prxjduct  uF  pruteid  putrefaction 
and  is  fuuud  iu  the  foce& 

Pentyl  Oompounds. 

I«o-pentyl  Alcohol,  or  Amyl  Alcohol,   *'II,),CIK'H,CH,OH.— This  is  the  prinopiJ 

conytituem  of  tiijk'I  *jil,  pRMJiu-in^  ihe  jit\L'r*eflVc(s  nf  dintille<Miquor  inloxieaiion.  The 
poijwjnoua  (lusc  in  the  doj;  |H.*r  kilujUTJUU  tur  the  ilitfoivnt  alii(hij[«  hiw  been  fuund  tu  l>e — for 
ethyl  alcohol  .V-<v  jfn*amt«,  fur  propyl  alcohol  3  grams,  fur  butyl  alcohol  1.7  graius.  for  amyl 
alcohol  1.5  (rraniH'  (s*-e  p.  636). 

Iso-pentoic  or  Iso- valerianic  Acid,  (CHs),CHC.H,COOII. — This  is  fuund 
in  eheet^,  in  tlie  sweat  of  the  f<K>t,  likewie»e  In  the  urine  in  8Uiail-|iox,  in  typhud, 
and  in  acute  «trophy  of  the  liver.  It  is  a  product  of  proteid  putrefaction,  and 
bos  a  most  unplea.-^nt  odor. 

»  Fr.  Muller:   Brriinrr  ktiniM-hr  Wnrhf.nm-hrijt,  18S7,  i?.  428. 
'  Dtijardin-Bc&iimeU  rt  Aiidig^ :   CumpttM  rcnduM,  t  81,  p.  19. 
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Alcohols  coNTAimNo  More  than  Five  Carbon  Atoms. 

Of  these,  cattj!  aJcohnl.  CiJ^siOH.  is  found  combined  with  palmitic  ari<l  in  9f>onnareti ; 
eerotyl  alcohol,  O^HeaIOH).  is  found  as  an  cetcr  in  Chinese  wax;  and  mfh'qfl  alcohol, 
CnHeiOH,  is  combined  with  palmitic  acid  in  lietiswax. 

Acids  containing  Moke  than  Five  Carbon  Atoms. 

Caproic  Acid,  ('^HdCOOIT. — Tliis  is  formed  fmni  tlie  putrefaction  of 
proleid,  ]>oiug  found  in  tdiet^se  aiul  in  iitt's  ;  it  may  likewi.se  Ijc  detpcted  in  the 
swetit.     Uuitod  with  glyoeriu  it  occurs  in  butter-fat. 

Iso-butyl  Amido-acetic  Acid,  or  Leucin,  (CHj), :  CH.Cnj.CHNHr 
COOH.— This  substance  in  a  constant  jircKluct  of  |)roteid  putrefaction,  is  there- 
fore found  in  elieesc,  and  may  likewise  be  obtained  by  boilin(i;  proteid  or  gelatin 
with  sulphuric  acid  or  Avith  tUkali.  When  fetl  it  is  converte<l  into  urea.  When 
fed  to  birds  the  tissues  decompjse  it  with  elimination  of  ammonia,  which  latter 
may  be  converterl  into  uric  acid  by  tlie  liver.*  It  is  saiti  to  occur  in  ]>ancreatic 
juice.  Acconling  to  Kiihue  it  is  prwluoe<l  in  tryiisin  prateolysis  to  tlie  extent 
of  9.1  per  cent,  of  the  proteid  U8e<].  Since  this  weakly  alkaline  medium  in 
pancreatic  digestion  is  especially  favoniUle  to  bacterial  activity,  Kiihne  added 
antiseptic  salicylate  of  sodium  and  still  found  leucin  (utnl  tyrosin).  The  same 
results  are  obtained  with  thymol.  It  is  generally  ai-cepted  that  leucin  (and 
tyrosin)  are  normal  pnxlucts  of  trj'ptic  digerstion.  In  certain  diseases  of  the  liver 
leucin  (and  tyrosin)  ap|)ear  in  the  urine,  which  may  be  iuterpretetl  to  mean  that 
tliese  suljstanees,  normally  prirtluccil  from  protciii  metabolism  in  the  tissues,  are 
not  normally  burneil  Imt  actvumulal*;  witliin  the  body,  aiid  are  excreted  (-^ee 
below).  Prot<?id  on  ciiemical  treatment  may  yield  as  much  as  50  per  cent. 
of  leuoin.  Since  leucin  contains  six  atoms  of  carbon  it  has  been  suggested 
bv  Fr.  MiilkT  that  this  substance  and  other  pr()teid  clcjivage  proiliicts  con- 
tiiining  six  carbon  at^nns  may  be  tlie  mother  hubstauces  of  the  sugar  protluced 
in  diabetes.  C'olni  -  asserts  that  feeding  tencin  to  rabbits  will  increaise  the 
glycogen  in  their  livers,  Itut  this  increase  is  very  slight,  Kiit  Halsey'*  shows 
that  there  is  no  increase  in  sugar  in  the  urine  after  feeding  leucin  in  dial)etos. 
It  may  be  that  a  sugar  radicle  in  prot4?id  may  be  tlie  mother-substance  of 
leucin  (see  p.  681), 

Leucin  and  tyrosin  are  iijutiJ  in  yt-lluw  utrujihy  of  th«  Hver  both  in  the  urine  and  in 
the  liver  i(i^-lf,  uuder  conditioim  indicating  their  productioa  by  buctcria  and  their  nun- 
combustiou  after  pr<>ductiun.  In  jdiusfdiurns-iMjisouinfe'  and  acute  uniemia  leucin  and 
tjTOsin  occur  in  the  urine,  hut  apparently  without  piM^d  gn>und  for  con.sidering  ihera  uf 
bacterial  origin. 

Leuein  erj-atulUKes  in  characteristic  ball-«ba])ed  erjatula.  It  was  formerly  supposed  to 
be  omido-caproio  acid,  but  Schulze  *  haa  tsliown  Us  true  com|>o8ition.  Inactive  leucin  con- 
sists of  ft  mixture  of  tl-  and  /-leucin,  and  may  be  obtained  by  treating  conghitin  wuh 

^  Minkowski;  Archiv  fiir  exprr.  Pnfholo^U  uniJ  Phannakoitygie,  1886,  Bd.  21,  S.  85. 

*  Zeittehriji  JUr  phjfiotoyUelu  Vhemir,  1891).  Itil.  28,  S.  211. 

'  SiUwngaberickU  der  OtMltacha/t  zur  Btjorda^ng  der  gc^immten  Naiunpitsetuckafien  bu  Marburgt 
1899,  S.  102. 

*  BerirhU  der  dttdj^hen  ehfmutehen  OeaeUtcKnfty  1801,  Bd.  24,  S.  669  ;  also,GmeUn:  Zeilaekr^ 
fur  phytifjiogitcht  Chrmir,  1S93,  Ud.  18,  S.  38. 
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BftiOH),.  The  two  leucins  may  be  separaled  by  fermGntation  of  f^lcucin  with  I^niciUixnn 
gUiucttm.  Cleiivftcre  t>f  pr*>t<M"l  hv  aeirls  and  b>*  putrofaction  seems  to  yield  rf-Ieucin.* 
CVhti  *  Htati^jf  that  seviTil  varieties  of  leiinin  arise  in  in'plie  digestion. 

Caprylio,  CgHigO,,  and  Capric,  C,nHjuO,,  Acids. — These  an?  found  as 
glycerin  caters  iti  riiilk-f;it.     Th<  y  aro  likewise  j)re>ent  in  aweat  and  in  cheese. 

Palmitic,  Ci^H^O,.  and  Stearic,  Cj^Hj^Oj,  Acids. — As  glycerin  esters 
these  two  acids  arc  found  in  tlie  oniinary  fat  of  adipoee  tissue,  and  in  the  fat 
of  milk.  The  acids  may  ocx^ur  in  the  feces,  and  are  found  coml)iiied  with 
calcium  in  adipoccre  (p.  TifJO).  Wool-fat  consists  of  the  chnli-ste'rin  esters  !>f 
these  acids. 

The  bile  contains  pahuitic,  stearic,  and  oleic  acids,*  and  to  tliese  have  been 
attribiitotl  its  very  sliglit  acid  reaction.* 

Compounds  of  the  Alcohol  Radicals  with  Nitroobn. 

AmineB. — Tliosc  are  luMJies  in  wliieh  either  one.  two,  or  three  of  the  hydropcn  atontfl 
in  aiumoniii  are  n.*plaeetl  by  an  alcohol  raUicjil,  and  are  tonued  n^|)oetively  priniary,  seeond- 
ary,  and  ti-rtiary  aminey.  Methyl,  etliyl,  and  propyl  .imine  baAOfl  are  the  products  of  pro- 
teid  ]«iti>r:i'tiuri.     'Hii^y  n'.HcmhIh  anitnonva  In  their  bawie  pn)i>ertic8. 

Hethylamine,  NllttClls).— This  is  fiuind  in  herring-brine.  It  has  the  fishy  smell 
n<»trd  inderayinv  finli.  It  is  a  proilwt  of  the  distillation  of  wood  and  of  animal  matter. 
Feeding  methylaniiue  Kydrn<hl«irido  is  said  to  cause  the  apj>earancc  of  metliylatod  urea  in 
a  rabbit's  urine  ^  hiimloinniH  to  the  fonnalion  of  nrea  from  ammonia  salts) : 
2lH'l.Nn,(CII,)  4  CO,-OC(NHCII,),  f  MV\  +  11,0. 
Atyording  to  ychiffer.*  the  bwly,  prohaMy  thnMigh  intepttnul  putrefai^ion,  has  (ho  i>ower 
t>f  partially  e(»nvt'rtihL'  crentin  into  tixalie  acid,  ammonia,  earbonic  acid,  aad  methylaiuinef 
which  last  is  finally  exireied  as  methylated  urea  in  the  iirine. 

Ethylamine,  CjU^NH,,  when  fed  as  carbonate  appears  in  part  as  cthylated  urea  in  the 
urine.' 

Trimethylamine.  N(Cn,V — Lilce  ethylumine,  this  is  found  in  herring-brine  and 
ainODg  the  products  id'  pmteid  putrefaction  and  distillation.  In  the  putrefaction  of  meat 
the  first  ptomaine  iipjH'ftrinc  is  cholin,  wliiih  certainly  is  derived  fntui  lecithin;  the  cholia 
(see  p.  543)  gradually  disappears^  and  in  its  place  trimethylamine  may  be  detected.* 

Compounds  with  Cyanogen. 

The  radicle  NC —  forms  a  stM'ies  of  bodies  not  unlike  tlie  halogen  com- 
pounds. Owing  to  the  mobility  of  the  cyant^en  group,  Pfiiigcr'  has  sought 
to  attribute  d)e  properties  of  living  proteid  to  its  prte^'nee  in  the  molecule, 
whereas  in  the  dead  pnileid  of  tht'  bhK*d-plastaa,  for  example,  he  imagines  that 
the  nitrogen  is  wjntaincd  in  an  amido-  group.  When  the  cyanogen  radical 
occurs  in  a  comjx>iind  in  the  form  of  X-  C —  the  buly  is  called  a  nitriU  when 

in  the  form  of  C=N —  an  iso-nitril. 

Cyanogen  Oa«,  XC  — CN. — A  very  poisonous  gas. 

'  Grnolin:  Z^'it^thnft  fur pk\mQlog\$eh>e  CHrtniV.  ls93.  Bd,  ir.,  8.  28. 

«  Jbid^  1895,  IW,  20,  S.  203.  '  I-wssar-*  <»hn :  Ihid.,  1894,  Bd.  19,  8.  671. 

*.Toll«:   PjliUjfr^K  .4rrA.r,  1804,  Ril.  57,  S.  1.1. 

»  8<'hiffer :  /jcitM-hrip  fur  phyxinlotpj^he  C%«miV,  1»80,  Bd.  4.  S.  245,  •  L'ic  ciL 

^  Schmied«berg  :  Arf-hiv  fir  erptr.  Palhoto^e  und  Phannakotoyif,  1877,  Bd.  6,  S.  5, 

*  Brirger:  Atwlrnet  in  J'lhrejibrricht  iiber  ThUrehemie,  18S5,  S.  101. 

•  P/m^er't  Arehiv,  1875.  Bd.  10,  8.  251. 


642 


AX  AMERICAN   TEXT-BOOK   OF  PHYSTOLOGY 


HydrocyEtnic  Acid,  IK'N, — This  is  likewise  a  stix^ng  jwiaon.  Aniygdaliii  is  a  plucomde 
occurrinn  in  cherry-pits,  in  bittt-r  almomis,  etc.,  lojiotlifr  wilh  u  fenuoiu  called  eniulsin, 
which  UtNT haMtht^piiweroi't must" inning  omypdalin  inliKlextnise,  bcnzaldehyde,  andhydro- 
oytuiic  lU'id.  Hytiracyanii;  at'iil.  ilicn^lonf,  givey  its  tiisti^  to  oil  of  bitter  almonda,  and  it 
may  likenise  be  dotet-UMl  in  i;bi'iT>'  hrandy. 

Fotassiam  Cyanide,  K('N.— Thi.s  and  all  other  riIuMc  cyauidcs  are  fatal  }>oison8. 

Acetonitril,  or  Methyl  Cyanide,  CIIaCN.— This  and  \u  hi^'her  homologous  nitrib 
are  violent  prtisnns.  After  feeding  m-i'toniiril  in  stiinll  dost-s,  fttmiie  at'id  Isce  p.  ^M)  and 
thiocyuuic  acid  (see  IxOow  \  iipjx^ir  in  l he  nrim%  ilu'  tliii.Hyanii^  aeid  Wing  a  synthetic  prod- 
uct of  the  invested  cyano>ien  rudinil.  and  the  IIS —  ur<m[»  of  dommivosing  proteid-'  After 
feeding  higher  bomuloirui-s  of  acetonitril  or  hydrwvaiiic  av-id,  thioeyanido  likewise  appears 
in  the  urine.  Sinee  the  amuunc  of  thioeyauide  in  the  urino  ih  normally  very  i^mall,  there 
is  no  reason  for  belie\Hng  that  cyanogen  radiealB  similar  to  those  deseribe<J  alwve  are  ever. 
to  any  great  extent,  cleavage-products  of  proteid.*  Tlirough  intravenous  ii\juctions  of 
sodium  sulphide,  and  fSi>i'eial!y  of  siodinu)  thiosulphate.  puisomms  cyanogen  compounds 
may  be  atlministered  nmch  iK-vond  the  dtxsc  ordinarilv  fatal:* 

SXa 


NaCN  +  80, 


+  O  -  NCSNa 


Cyanamide,  NC.NH,. — This  is  a  laboratory  decomposition-product  of  creatin,  but<1oc0 
not  occur  in  the  body.  It  is  poisonous  when  administered.  Wh«i  boiled  with  dilute 
sulphuric  or  nitric  acids  it  is  wmvi'rtcd  into  urea : 

NX'NH,  +  H,0  -  H,NCONH,. 
It  ia  lo  be  remciiibered  tlutt  creatin  in  ihc  Ixxly  is  not  eonverted  into  urea. 

Anunomnm  Cyanate,  OCN(NH,).— Boiling  ammoniura  eyanate  converts  it  into 
urea.  ThiH  was  .shown  by  Wohler  in  1K2S,  and  was  the  first  authoritative  laboratoiy 
production  of  a  bmly  charactcrii<tic  of  living  orj;anit*ni.s ; 

OCN(NH,)-OC(NHX 
This  reaction  illustrates  Pfliiger's  idea  of  the  tpnpfonnation  of  the  unstable  cyanogen  radical 
in  living  pruteid  iiitti  i)ie  aniido-  cnnipound  in  thu  dead  Hub.^tanec.     Aceonling  U\  Hoppc- 
Seyler.  the  urea  formation  in  the  body  in  lu*  indieiited  in  the  above  reaction,  but  that  no 
cyanie  aei«i  or  unimiMitnin  i  yanatL^  is  to  be  deltM-tcd  tm  account  of  their  extreme  instability. 

Potastinm  Thioeyauide,  NCSK. — This  suWance  is  U!»ually  tljund  in  liumun  saliva  to 
the  extent  of  al>out  n.Ol  per  cent.,  and  in  the  urine.  8iiK*e  it  contftins  nitrogen  and  sid- 
phur  its  orijrinal  source  must  l>e  fnun  proteid.  Tlie  amount  in  the  uriut^  is  proV»al>ly  wholly 
and  (piantitatively  derived  Iroui  thai  in  the  s:diva.*  If  ihiiH^yanides  In;  f^^d,  they  appear 
quickly  in  (he  urine  without  cliange.  Thiocyanidc*  are  less  poisonous  than  the  simple 
cyanides  (see  discuBAion  under  Atutonitril  above).  Thiocyanides  give  a  red  color  with 
ferric  chloride  in  acid  solution. 

Diatomic  Alcohol  Radicals. 
Tlius  far  only  <kTivjitiv<^  dI'  inorialoiiiir  rudieals  liave  Ix'on  discussed  ;  next 
in  order  fulbny  diakmiic  alwhol  mdic;ily»  iTpresciitwl  by  tho  fiinniila  C„Hj,„  aud 
incUidtiig  die  bodies  ethylene^  H^C  —  CHj,  propylene,  CIT3 — HC  — CH^,  etc. 
This  set  of  hydrocarbons  is  called  the  olefiucs.  The  first  scries  of  compounds 
which  are  of  physiological  interest  art;  the  umiucs  of  the  oleHnes. 

A&IINE8   OP  THE  OlEFINES. 
Thewe  include  the  group  of  ptoiruiincH — Imsic  sul)stance8  which  are  formed 
from  proteid  tlimugh  bacterial  putrefaction.     Those  which  are  {wisonous  are 

'  Lang  :  Arthiv  fur  cxper.  PatholoyU  und  PKarmaholo^ie^  1894,  ltd.  34,  8.  347. 
■  Op,  ciL,  S.  256. 

'  l.Ang:  Archir  fur  expcr.  Patholotjie  und  Pharmalcotogit,  1805^  Bd.  36,  S.  75. 
*  Uftcheidlen:  Pjfii^^n  Arehir,  1877,  Bd.  14,  S.  411. 
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■  calieil  to.vme9,     Th^se  bodies  are  diamines  of  the  olef^nes^  and  have  been 

■  iiivestigiito<l  csjxH'ially  hy   Brifger.* 

■  Tetramethylene-diamui,  or  PntreBcin.  II,X.CH,.CR,.CH,.cnrNHt.— Tliis  rom- 
I     pouTifi  ia  fuvmil  in  putretyiiijf  (>rot«iii,  Hiid  baA  been  detvclod  in  the  uriiic  and  feces  in 

■  cyst  i  I  in. 

I  Pentamethylene-diamiu,  or    Cadavenn,   H,N.(\H|o.NH,.— This  \r    foond  with 

pntrcgcine  wherever  prodiK'e<l.  They  are  both  found  in  cultivatinns  of  K<ich'8  cholera  bacil- 
lus and  ill  olioleni  ffirttsi.  In  cy.stitis  they  are  a  re.sult  of  siweial  infeetion  of  the  inte^itinal 
trnct,  are  iirim-iimlly  excreted  in  the  fe<«s,  but  arc  pitrtially  alw«irl)e<l.  and  prevent,  perhapa 
through  el»euiic4il  union,  the  burning  of  Ci-stein  normally  produced."  Diamines  are  not 
Donually  present  in  the  urine. 

Neuridin  and  Saprin. — These  are  isomers  of  cadavcrin  and  are  produced  by  the  same 
putrvfaotivt"  pr"MC**Cj*. 

Cholin.— T!iis  is  trimeihyl  oxyclhyl  aniuioniiuii  hydroxide, 

and  has  its  source  in  lecithin  deooii)|K»Hition,  and  imtrcfaotlon  (see  p.  559).  Cholin  htui 
been  found  in  the  cttrebrospinal  fluid  in  cases  of  genera]  jHiralysis  in  the  insane*  and  is 
reffanlod  a.s  the  eifcciivo  |Jui8<^in.* 

Knftcarin,  or  Oxychohn.— This  i.s  a  violent  hcart-poimn,  and  may  be  obtained  by 
treaiing  chotin  with  nitric  acid. 

Henrin. — This  is  trimelhyl-vinyl  amuiotiinni   hydroxide,  (CHi),^  N  <liitr  _  n-u 

and  is  derived  from  lecithin.  It  may  be  considered  as  derived  firom  cholin,  with  the 
eliminutuin  of  a  nmlcenlc  of  wiitcr,  and  it  hxs  In-cn  ^hown  thtit  bacteria  make  this  cunver- 
sion.  It  is  a  powerful  poison.  After  feeding  lecithin  and  occluding  the  intestinal  canal, 
chulin  and  neurin  liave  been  found  within  the  intestinal  conteDta.* 

Dbhivativer  of  DiATTiMir  AI^x)llolfl. 

Taurin,  or  Amido-ethyl  Sulphonic  Acid,  H5N.CH3.rH,.S03H.— This 
has  bet'n  detetrted  in  mu.sple,^  in  the  spleen,  and  in  the  suprarenal  t-apeidi*!*. 
It  is  likewi^se  a  Ui^ual  oonr^tituent  of  the  buiuun  bile  in  unnbination  with 
cholic  arid,  the  salt  present  bt'itig  known  jn  scxHum  taui*m*ho|jUe.  Taiirin 
is  of  proteid  ori^iu  as  is  iibown  by  its  niln>3y;t.'n  and  sulpljur  content.  Little 
is  known  regtifdiug  \U  fate  in  the  body,  except  as  Ls  indi^-ated  throujjh  the 
behavior  of  it.s  siilplmr  atom  (see  p.  5U7). 

TIxe  Bilkin/  SttHn. — Taurin  nnd  ^lytHnndl  are  ionnd  in  the  bile  of  cnttle  in 
ooml)inatton  with  cholic  add  (CjiH^O^).  lu  human  bile,  aceortlin^  to  Lassar- 
Cohn,"  there  is  more  feUic  acid  (C'nHjjOj  pre^-nt  limn  cholic,  and  there  ia 
likewise  pre^nit  some  choldc  aciil^  (C,4H^O,).  These  acids  are  of  similar  chemi- 
cal structure,  though  what  the  structure  is,  is  unknown.  Still  other  acids 
ocvur  in  the  bilo  of  pigs,  geese,  etc.  Taurin  and  glyct)adl  form  comp)unda 
with  these  acids,  the  sodium  salts  of  which  usually  make  up  the  major  part  of 

>  Afastract,  JfihrtJ>criehl  ii6«r  Thierchemif^  1885.  a  101. 

*  Haumoiin  uud  Udrantuiky  :  Zeit^chrijt  fur  phytioiogiseht  Chtmie,  1889,  Bd.  IS,  S.  562,  and 
1891.  Bd    15,  S.  77. 

•  Molt  and  lialliburlon  :  Joumnl  of  Phmoio^,  189U,  vol.  xxiv.  p.  ix. 

k'  Ncsbitt,  B. :  Amtricim  Joumnl  of  Phyeudogif,  1899,  vol  ii,  p.  viiL 
*  Ro»].  Kunkcnberg.  and  Wngner:  Zattehrifi  Jur  BvAogit,  1886,  Bd.  21.  S.  30. 
T' 
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the  solids  of  the  bile.  It  [lu.s  Ix^cn  hhnwa  that  glycocroll  and  tatirin  are  fuund 
iu  various  part.*  uf  the  Loily.  ('Ii»>lir.  fellic,  etc.  aci*Js  are  only  fouinl  as  prodncto 
of  liepatic  activity.  In  a  Jog  with  a  biliary  iistuhi  the  sf>li<is  of  the  bile  iiieivafle 
on  feetiing  niueh  meat,  but  tlie  hourly  reeonl  of  the  solids  e<»miwired  with 
the  nitrogen  in  the  urine  shows  that  tlie  great  pr<x1uction  of  biliary  ssdts  con- 
tinues after  the  nitrogen  in  the  uriuo  has  Ix^gun  todeeivase.^  The  experiments 
of  Fe<ier^  have  whown  tliat  Mie  grrnter  part  of  the  nilrof/en  in  proleid  eaten  by 
a  dog  leaves  the  hotly  within  the  tir>^t  fourteen  hour^,  whereas  the  excretion  of 
the  non-ni(rogenou»  moiety  ii*  more  evenly  distribute*!  over  twenty-four  hours. 
It  may  be  fairly  eonelncied  that  eijolie  and  fjllic  nei<]s  are  produce<l  from  tlie 
non-nitrogenous  jjortion,  or  from  sugar  or  fet*  Fnrthermore  Tappeiner*  has 
hIjuwu  that  eholie  ncid  on  nxiilatiun  yields  fatty  acids.  A  synthesis*  may  there- 
fore be  etieetiid  in  the  liver  between  the  nou -nitrogenous  cholic  acid  formed  in 
the  liver  from  fat  or  materinU  eonvertihle  intt>  fat,  and  glyooeoll  and  taurin 
ibrme*!  from  proteids,  whether  the  hitter  be  produced  in  the  liver  or  brought  to 
it  from  the  tissues  by  tbe  blcKxl.  That  tlic  liver  is  the  place  for  the  synthesis 
is  shown  by  tbe  fact  that  the  biliary  salts  do  not  collect  in  the  lK)dy  after  extir- 
pation of  tbe  liver. 

The  bilian'  salts  in  part  may  be  absorbed  by  the  intestine,  and  a  jmrt  of 
these  absorbed  salts  may  be  again  excreted  tfjrougli  the  bih',  Ibrming  a  circu- 
lation of  the  bile  salts.  In  the  intestine  either  the  acid  of  tin*  gastric  Juioe 
or  bacteria  may  jsplit  up  the  biliary  salt  through  hydrolysis: 

Glycocholic  acid.  OlycocoU.  ChuUt-  acid. 

Taurin  and  glycacoll  may  he  absorlx^l,  while  choHc  acid  is  precipitated  if  in 
an  acid  medium,  but  may  lie  dissolvctl  and  al)sorbeil  in  an  alkaline  intestine. 
Hence  choljc  a<-itL  fcllic  aciJ,  etc.,  may  often  be  foimd  in  (be  feces  in  small 
amounts.  Meconium,  tlial  ts,  the  t'eeal  matter  of  tbe  fetus,  contains  quantities 
of  the  biliary  salts,  but  nnaltere<l,  since  putrefaction  is  absent  in  the  fetus. 
Kiihne  has  (h-M-ribwl  (hj^hftrln  as  a  putn'tartivc  pniduet  c^f  cholic  acid,  but  its 
existence  is  denial  by  IIo]>pe-Si'ylcr  an<l  Volt.  In  iHtiUJi  {jaundice),  a  con- 
dition in  which  the  biliary  salts  return  to  tbe  l*lo«xI  from  the  liver,  tliey  are 
burmnl  in  the  body,  sometimes  bo  completely  that  none  appear  in  the  nrine. 
They  have  the  power  of  dissolving  hicmoglobiu  from  (be  blooil-coquiseles,  and 
in  consequence  the  urine  may  be  bigldy  cohired,  }H*rhaps  I'roni  bilirubin/ 

The  biliary  salts  have  the  power  of  dissolving  the  more  insoluble  fatty 
acids  and  s^iaps  pnnluced  from  the  action  of  8tea]).sin  on  Ikts.* 

Peitenkiifer,  experimentinp  onfo  on  thn  convt^rsicm  of  snjfar  intji  fat.  warme*!  Ingcther 
ctinc-BUgar,  bile,  uml  concoiurutoil  sulphuric  a<riH.  Hi'  lUitatmid  no  fat,  hut  n  stmnji;  violet 
coloratinn.  This  is  "  Pettenkoter's  test"  for  biliary  iioi'is  k'holic  iiciil.  iellio  acid,  etc.). 
This  enluratiuu  is  likewwc  givoii  by  prtHoiJ,  uloic  :ici(l,  aiiU  uthi-r  Ixxiie^.     The  test  of  Neu- 

»  Voit :  Zeitschri/tfur  Biolo^u,  1894,  B*I.  30,  8.  545.  »  /&W.,  1881,  Bd.  15,  &  631. 

•  Voit,  Op.  ciL,  S.  556.  •  ZfUschrifi  Jur  BiUoyU,  1876,  Bd.  12,  8.  60. 

•  Hoppe-Seyler :  PhysuJo^iMehe  Chemie,  1877,  S.  476. 

•  Moore  and  Kockwood  :  Jownuti  of  Fhynoiop^j  1897,  toI.  xxi,  p.  58. 
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I  koiiiiH  is  a  inrxIi6cution  of  thi«.     Here  a  drop  nf  a  tnibcitnTK*e  (MtntAiniti)?  biliary  aci<ls  IB 

B  jiIjircNl  (»ii  a  stiiiiH  whito  iMircclain  cover,  with  a  «ln>p  of  dilim*  cAne-HUir*^r  Kolulion,  uiiil  one 

■  ot  iliiute  Hul|i1iuriL-  iu.i(l ;  tliu  mixture  is  ihuii  ver>*  carefully  evapunilcil  over  u  flittuc  antl 

■  leave}*  a  brilliant  violet  8tuin. 

■  Oxy-  Fatty  Acids,  LAcrio-AcrD  Group. 

I  These  are  diatomic  monobasic  acids  of  the  glycols.     A  glycol  is  a  diatomic 

I        alcohol.     The  oxy-  fatty  acids  have  the  grnenil  iurniula  CuH^Oj,  and  include  : 

K  Carbonic  acid,  CITjOj.  Oxy-biityric  acid,  CJI^Oj, 

W  GlycoUic  acid,  0211403.  Oxy- valerianic  acid,  CiHioO,. 

Lactic  acid,  CgH^Oj.  etc. 

Oarbonic  Acid,  or  Oxy-fonnic  Acid,  IIO.CCOH. — Tliis  is,  in  reality, 
a  dibasic  acid  on  ammni  <if  the  symmeiric  structure  of  the  two  — OH  radicals. 
It  hart  alnady  b(H»t]  <t>t]sidrrod. 

Lactic  Acidfi.  or  Oxy-propioaic  Acids. — Of  iheee  there  are  two  isomeres, 
which  vary  in  the  |V).sitiuii  *;tf  tli«  ir  — Oil  group,  the  a-  and  /9-  lactic  acids. 
Physiolog)'  is  concerne*!  only  with  the  first. 

'ii-Laotic  Acid,  or  Ethidene  Lactic  Acid,  CITj.CIIOILCOOH.— This 
is  called  fermciiiation  lactic  acid,  being  a  product  of  the  fermentation  of  carbo- 
hvdrate-s  (see  p.  539) : 

C.H„0,  =  2C,HA. 
On  lartic  fcnnentation  of  milk-sugar  dcjiends  the  souring  of  milk.  This  fer- 
mentation dttos  not  take  place  in  the  presence  of  sufficiently  acid  gastric  juice, 
l>ut  may  be  more  active  in  thenlknline  intestine.  It  has  Iwen  n(»ticed  tliat  the 
fewil  excrements  after  a  (arhohydnitA'diet  react  acid,  after  proteid  diet  alkaline. 
The  acid  reaction  is  due  chiefly  if  not  wholly  to  acetic  acid,  since  lactic  acid, 
being  the  stronger  acid,  is  first  neutnilize*!  by  tlie  intestinal  alkali.  Lactic 
acid,  when  absiirbixl,  is  coniploTely  burned  in  the  bo*iy.  I^ctio-arid  fermenta- 
tion between  the  teeth  dissolvcH  the  enamel,  and  gives  bacteria  acoess  to  the 
interior.  The  femu'nt.ilioii  lactic  aei^I  is  inactive  to  polarize*!  lipht,  and.  since 
it  has  in  its  formula  an  asyuiinctrie  carbon  ntonij  it  is  necessary  t4.>  assume 
that  it  oonstst-s  of  an  equal  mixture  of  riglit  and  lell  ethidene  lactic  acid.    On 

*  An  ujrmnietric  cmrbon  atom  U  tme  in  which  the  four  atoms,  orgronpH  of  atoms,  united  to 

tH, 

It  are  all  difiorent    In  lactic  acid  we  find  the  followiDg  grouping,  H— C— OU.    The  central 

carbon  reprentenbi  (he  asymmetric  atom.    Such  an  arrangemenl  is  always  optically  active.    One 

ia  able  to  wnceive  the  armageiuent  of  th«  atoms  id  space,  according  to  the  above  grouping,  or 

CH, 

I 
as  follows :  H<> — C — H.    This  latter  represents  a  different  conBguration.    The  two  arrang^- 

OOOH 

_  mentii  are  optically  antagonistic.     A  mixture  of  the  two  is  ojitically  inactive.     The  reader  is 

I  referred  to  a  text-book  on  general  chemimrr  fur  the  suggestive  illustrations  of  the  tetrahedral 

I         space  pictures. 

I  Vol.  L— 3& 
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standing  with  Penmllium  rjlaucum  the  left  lactic  acid  is  destroyed  more  freely 
than  is  tlie  right,  and  tho  solution  rotates  jiolarized  light  to  the  right.^ 

The  right  etliidciio  lactic  acid,  callal  also  sarco-  or  |mra-lactic  acid,  is  that 
which  is  found  in  muscle,  blood,  iu  various  bloixl-gkuids,  in  the  pericardial 
fluid,  ami  in  the  aqueous  liumor.  Likewise  it  is  found  in  the  urine  after 
strenuou.s  physical  effort.,  after  CO-poisoniug,  in  yellow  atrophy  of  the  liver, 
in  j)ho8pliorus-poisouingj  in  trichiuosis,  and  in  birxls  (geese  and  ducks)  after 
i\h:  liver  has  been  extirpated,  and  it  is  found  in  increased  quantities  iu  tlie 
bhwMl  and  in  all  tlie  or^^.ms  of  animals  poistjtied  with  arsenic.-  It  is  some- 
times prt'S4*nt  in  dial)ctic  urine.  Para-lactic  acid  is  a  normal  constituent  of  the 
blood  and  increases  in  amount  after  work  or  tetanus.  It  a<?cuinulatt?s  in  the 
dying  muHi-Ie  {rirfor  mortis),  causing  tlie  forniatii>n  of  KIL-PO,,  which  gives 
tlie  aeid  ivaction  and  causes  coagulation.*  Some  believe  that  free  lactic  acid 
itself  is  present  and  aids  in  the  ciKiguhition.  Regarding  its  origin,  it  hjis  been 
shown  that  it  increases  in  anuMmt  iu  the  dyin»!;  muscle  without  siniuUaueoua 
decrease  in  the  aiuonut  of  glycogL*n.'  It  has  also  binm  shown  tliut  the  large 
increase  of  lactic  acid  in  the  extirpated  liver  is  only  due  to  the  production  of 
fiTinentation  lactic  acid  from  giycngi-n.^  On  extirpation  of  the  liver  in  geese,* 
amnmnia  and  para-laetic  acid  replace  the  customary  uric  acid  in  the  excreta, 
ami  previiKis  ingestion  of  carbohydrates  or  of  ui*ca  will  not  increase  the 
amount  of  pani-lactic  acid.  The  lactic  acifl  excreted  is  proportional  iu 
amoimt  to  tlie  ]irot4'i<l  destroved  anil  to  tlic  ammonia  present.  It  may  fairly 
be  concluded  tlu»t  it  always  owes  its  origin  to  proteid. 

Hoppe-Seyler '  says  that  lartie  a<'i<l  api>cars  in  the  urine  only  when  there  16  insufficient 
oxidutiun  in  the  bo«ly.  uii'l  attriliutej*  ii>  di'iivininii  t^i  the  dec'oij)p<»aition  of  plyco^en.  In 
CO-i^oi^J"'"/?  Araki "'  timi?*  as  nitidi  as  :*  jkt  cent,  of  luetic  acid  (rtvkonetl  as  zim-  lactate}  in 
a  rabbit's  m'inc.  Minkowski.*  nn  tfkc  other  hand,  denies  the  insufficient -oxidation  ihcoiy, 
and  mainUkins  that  the  destruction  uf  lactic  acid  depcndfl  on  a  B|»coific  property  of  the 
liver,  the  n(>rni[il  action  bciii^  either  dcntriiction  in  the  liver  itself  or  in  other  organs 
through  the  uiediuiu  of  a  substance  (ciizjiue?)  produced  in  the  liver. 

Ont-  may  interpret  Araki's  cxin-riujent  as  ahuwinj?  lliat  considerable  itnantities  of  lactic 
acid  are  constantly  produced  iu  mclabolisiu,  but  are  nuruially  swept  away  mid  burned  ;  the 
CO-poisririin^'  would  prevent  the  normal  cmnliustion..  The  accumulaluiii  in  muscle  after 
stoppage  of  the  lilood  current  {rigor  tnorfis)  wuuld  then  be  only  a  coiuinuatiun  uf  the  nor- 
luul  process  uf  deeompositioti. 

Cystein,  a-Ainido-a-thiopropionic  Acid. — This  substance  has  the  formula 


^  Seriehte  tier  HeuUchen  efumixhen  OueU»chafi,  Bd.  16,  8.  2720. 
'  MorUhinm:  Arehivfar  exper.  Pnth-Mnfu:  und  Pfutntuiioloyie,  1899,  Bd.  43,  S.  217. 
■  AstMchewaki :  Zeitxhri/t  J'iir  physidogtJschc  ChemU^  1880,  lid.  4,  S.  403;  Irisawa,  Ibid,,  1893, 
Bd.  17,  S.  361. 

•  Boehm  :  Pfiugtt'i  Artkir,  1880.  Bd.  23,  S.  44.  »  Morishima :  Lac  tiL 

•  Minkowski:  Ajxhiv/ur  exper.  PnthtAwjit  und  Pkarmakotogit,  1886,  Bd.  21,  S.  41, 
'  FetUekri/l  zu  R.  Virtihou^it  70.  OfimrUfn^. 

•  ZeiUehrifl  Jiir  phyviiAogiicU  ChfmU,  1894,  Bd,  19.  S.  426. 

'  Lac  dt,  and  Artkw  fur  exper.  Patholotpe  und  Pharmakologie,  1893,  Bd.  31,  8.  S14 
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dertlroywl  iu  the*  Ixxly.  On  the  iiitnidLK'ttou  of  a  lialogen  derivative  of  lM»nzol 
into  the  body,  compcjuiids  are  formed  with  cystein,  called  mercapturio  acids, 
which  appear  in  the  urine: 

Nil,  NH, 

CHj-L^—CHDOH  +  C,H,Br  -f  O  =  CH^— ('— COOII  4-  H^O. 
SH  S(;H,Br. 

Bromuphanyl-mercApluiic  acid. 

This  proves  that  cystoi'n  (h'ke  glycoooll,  fnr  example)  is  at  least  an  intermediary 
and  |>oe.sil>ly  a  ])riiuiuy  |inHUirt  oi'  proti-id  nu'talwlisni.  If  cystein  be  fed,  the 
greater  part  (two-thinls)  of  the  sulphur  a]>peani  in  the  urine  as  sulphuric  acid, 
the  rest  as  ueutra!  >:iilpliiir,  Tltiohfrliv  (wuf  hns  l>e«'n  found' as  ade<'omposition 
product  of  horn.  BauoLauri^  dt'inimstrati^  ihw  rwhiftion  of  cystein  to  thii>hietic 
acid,  »how8  that  the  latter  yields  an  odor  of  ethyl  jsidpljide  on  evaporation, 
and  asks  if  thiolactic  acid  be  not  the  mother  substance  of  Abel's  compound 
(see  p.  607 ) : 

NH, 
CH,— C— 00(>H  +  H,  =  CH,CH(SH)COOH  +  NH,. 

I  Thlolftvtlc  acid. 

SH 

Cystein  itself  is  never  directly  detected  in  the  urine  or  in  the  body. 

Cystin.  Dithio-diajnido-ethidene  La<!tio  Acid. — Cystein  is  converted  by 
atmospheric  oxygen  intii  cystin  : 

NH.. 


J.-, 


2CRj— C^COOH  +  20  = 


CH,-.CSNH,— OOOH 


L 


CHj— CSNH,— CXX)H 

CystlB. 

Cystin  is  very  insoluble  in  water.  In  particular  cases  it  appears  in  considerable 
quantities  as  a  urinary  sfHlimcnt,  still  nion.'  rarely  us  a  stoue  in  the  bladder 
(see  p.  543).  It  has  been  detectcil  in  the  normal  livers  of  horses.'  It  is 
l»vo- rotatory. 

It  ifl  rciMited  *  that  IxjUiea  having  tbe  oiitupuidtion  C — S — H  (thio-  acidic  mercapUn*) 
may  form  sulpliuric  acid,  while  most  of  those  hariag  the  compositioD  r:C — 8 — C— 
(ethyl  sulphide  J  arc  not  oxidized  in  the  body. 

>  Sater:  Zeitaehrift  Jur  phtftwloffittKt  Cfumie,  1895,  Bd.  20,  S.  664. 
~  'fiaamaon:  /&«/.,  1895,  R],  20,  a  583. 

*  DrachMl :  Zeit$chrijl  JUr  BUiiwjU,  1897,  Bd.  33,  8.  85. 

«  W.  J.  Sroiih  :  FfSigei>u  Arehir,  1S94.  Bd  55.  a  542,  and  1894,  Bd.  67,  S.  418. 
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^-Oxybutyric  Acid.  CHaCliOHCHjCOOH.— A  Itevo-rotatory  acid  {i 
p.  539). 


As^Do-  Derivatives  of  Oabbonic  Acid. 


0C< 


OH 
OH 


OC< 


NH, 

OH 


oc< 


NH, 
NH, 


Curbnnir  arid. 


Cjirbnmlr  acid. 


(]:art>amlde. 


Carbamic  Acid. — This  is  not  known  free,  but  its  calcium  salts  have  been 
found,  especially  in  herbivorous  urine,  and  its  presence  in  the  blotid  as  aranio- 
niuni  carbamate  is  iiiaiiitninwL^  The  latter  Jiii.s  been  obtaiiieil  bv  Drech^el*  by 
oxiilizing  glycMKioll  and  leiicin  in  amnionincul  w)lution,  and  be  has  converted  it 
into  urea  by  electrolysis.  From  these  facts  he  concludes  that  ammonium  car- 
hamate  is  the  antooedont  of  urea.  It  ninf^t.  however,  be  remerabered  that 
ammoniinu  carliainnte  is  vvry  readily  decoru[»osabIc,  and  has  never  been 
directly  detected  in  the  l)lotMl. 

Ammonium  earlumiate  Is  formed  by  the  direct  union  of  ammonia  with  car- 
bonic oxide  in  their  naseent  ntntes,  and  is  therefore  fonnd  in  commereial  anuuo- 
nitun  nu'l)on;ite  and  lusthe  jirtHluet  of  the  oxidation  ot"  the  aniido-  compounds 
above  meationed  : 

Water  converts  it  into  anuiionium  carbonate  : 

Carbamide,  or  Urea,  OQXHj)™. — This  i:?  the  prineipal  end-product  of  the 
nitrogeniius  portion  of  proteid  in  all  m:niimal?>,  being  Fouml  in  eoii.siderable 
concentration  in  the  urine,  Sehondorff*  finds  in  the  bloo<l,  liver,  spleen, 
panereas,  and  l)r:nii  about  0.12  per  cent.  (»f  urea,  while  nuits<,'Ie  contains  O.Od 
p<T  cent.,  th(^  heart  0.17  |M'r  cent.,  ami  tiie  kidney  (),*>"  per  cent.  In  nra^mia 
it  may  collect  in  all  tissues  of  the  boily,  and  may  then  l)e  excreted  in  slight 
amount  by  the  gastric  ami  intestinal  juices.  It  is  given  off  in  profuse  sweat- 
ing, though  only  in  small  proportion  to  that  lost  in  the  urine. 

Prejxiration. — (1)  Like  otiier  amides,  by  heating  ammonium  carbonate; 
further,  by  the  electrolysis  of,  or  by  heating,  ammonium  carljamate : 

oc<g?|i.  =  oc<^iJ.  +  HA 

(2)  Through  the  uuiou  of  ammonia  with  carbouyl  chloride : 

■  Drechsel:  Ludurig's  Arbeiten,  X875,ti.l72;  Drechsel  iind  Abel,  d^reAiV/ttV  P%mo/A^>,  1891, 
a  242. 

^iMcdL  *  PfiHgtiU  Artkiv,  1899,  Bd.  74,  8.  307. 


This  was  Wohler's  notable  preparation  in  1828  of  an  "  organic"  compounil 
a  product  of  life,  wit]u»ut  the  aki  of  a  *'  vital  force." 

(4)  From  prot^jid,  through  liydrolytio  cleavage*  (see  p.  551).      This  origi 
has  not  as  jet  been  confirmed. 

Properliejs. — Uiva  i;*  a  weak  base,  of  jjn^at  stability  when  within  the  alka- 
line fluids  and  tissues  of  the  body.  It  is  soluble  in  Avater  in  all  projwrtions, 
very  soluble  in  hot,  less  so  in  cold  alcohol,  whence  it  crystallizes  in  needle-like 
forms.  It  niplt«  at  Vd*2'^  and  rwrvrttidlixt»tt  on  nK)ling.  Heat<'d  higher  it  is 
converted  into  biiiivt,  a  wubstamt-  which  givtw  a  viulet  color  with  dilute  cu[tric 
sulphate  in  a  sodiuni-hydi-ate  solution  {calleil  the  biuret  reaction): 

NH        0C< 

XH. 

Heating  urea  with  water  over  100°  in  scaled  tubes,  boiling  it  with  alkalies 
or  acidg,  bacterial  action  (see  p.  512),  all  convert  it  througli  hydrolysis  into 
carbonic  oxide  and  ammonia.  Such  decomposition  may  take  place  io  the 
stomach  in  unvmin.'  Hy|mbromitc  of  sodium  in  the  presence  of  alkali  acts 
to  break   up  iiri'ti,  lluis  : 

OCfXII,),  -f  3NaBrO  =  CO,  +  2Ufi  +  2N  +  3NaBr. 

The  alkali  prescni  alisorbH  (he  CO,,  and  the  volumes  of  N  afford  a  meuure  for  the 
amount  of  urea  present  (method  of  Fliifner,  appamtus  by  Doremus). 

Urea  combines  with  nitric  acid  to  form  urea  nitrate,  OC(NH,)j.HNOj, 
which  in  insoluble  in  nitric  acid,  Urea  oxalate,  which  is  formed  iu  similar 
manner  by  the  combination  of  ureji  with  oxalic  acid,  is  insoluble  in  water. 
Many  combinations  with  iiictalli*'  salts  have  Wn  pre|*ared,  of  which  one  with 
mercuric  nitrate,  of  un<!ertaiu  t'ormiila,  is  the  tmsis  of  Liebig's  method  of  titra- 
tion for  urea. 

Urea  in  the  Bf>DY. — This  subject  lias  l>een  discussed  under  Nutrition. 
It  can  be  considered  here  only  !)rierty.  When  urea  is  fc<l  it  is  rapiiUy  excreted 
in  ihc  urine.  The  4'xerctcfl  nitrogen  of  proteid  appears  in  mammalia  in  grt^ater 
port  as  urea.  Amido-  pro*lucts  (»f  proteid  deojraposition,  glycoeoll,  leuein, 
ttS|>artic  acid»  uric  acid,  when  fed  are  converted  by  the  bo<ly  into  urea.  So  like- 
wise are  ammonium  cjirbonate,  lactate,  and  tartrate.  Ammonium  chloride,  on 
account  of  the  strong  acid  ru<lical,  paj^«s  through  carnivora  unchangeil,  but  in 
herblvora,  the  blood  of  which  is  more  strongly  alkaline,  a  certain  part  of  the 
ammonia  is  converted  first  into  carbonate  and  then  into  urea.  This  conversion 
of  ammonium  carlx>nate  into  urea  is  of  striking  interest.  Artificial  irrigation 
of  a  liver  with  blood  cimtaining  ammonium  carbonate  increases  the  urea  in 

*  I)pectiflel;  Arthir  fiir  Phtfuitytotpr,  1H9],8.  261. 
»  Voit:  ZcUxkrift  fur  BioitM^it,  1868,  Bd.  4,  S.  150. 
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the  bloo*!,  while  similar  treatment  of  muscle  or  ki3iiey  shows  no  such  results.' 
In  otiinp  experiments  it  has  been  showu  that  ammonium  salts  appear  in  the 
uriite  riiler  fL'wliug  aeids  to  earnivnrii,  iind  that  in  dirtease  in  which  acids  are 
producwl  (lactic,  aceto-acctic,  oxvluityric  acids)  ammonia  accompanying  them 
is  found  in  the  urine,  in  all  eases  representing  that  ordinarily  <xinvenod  into 
urea.  lu  disiause  nf  tlic  liver  (i-irrhoMH,  phos|>lic)rn.s-poisonin^)  ammonia  is 
fninul  in  tiie  urijit:  above  tlie  nornud.  If  tlie  liver  be  excbwied  fn»ni  the 
dog's  circulation  by  Eck's  Vistula,  ammonium  salts  accumulate  in  the  bhxxl. 
If  an  iimido  body  like  glyo<^*eoll  be  i'ijd  to  hucIi  a  dr»^,  ammonium  salts 
rapiiHy  accumulatej  whieli  indicates  the  normal  llitc  uf  jrlycitcoH.^  Amido 
acids,  such  asglycocoll,  leucin,  etc.,  which  are  cleavage  products  of  proteids, 
and  whifh  are  known  to  burn  to  urea,  are  neverthelcj^s  highly  resistant  to 
strong  <'licmical  reagents,  either  alkalies  nr  acids.  Lewi's  ^  work  indicates 
that  a  ferment  present  in  the  liver  (and  jx^rlmps  elsewhere)  may  convert  these 
stable  compounds  into  others  in  which  the  nitrogen  is  less  firmly  combined^ 
which  may  in  turn  lie  converted  into  urea.  Admitting  tlic  fact  that  ammonium 
carlumatc  (and  carbamate  likewise)  may  be  coiivcrttsl  into  urea  by  tlie  liver, 
there  is  no  ground  fl^r  believing  that  this  is  the  normal  process  for  the  prwluc- 
tinn  of  the  whole  amount  of  urea,  nor  is  there  at  jwesent  any  measure  of  the 
amount  of  ammtmium-salts  prfuhiced  in  the  IkxIv.  The  liver  may  be  very 
completely  destrtiyed  by  disease,  and  large  quantities  of  urea  still  be  excreted,* 
In  gee^e  extirpation  of  the  liver  has  no  effect  on  the  ui*ea  exci"ete<l,  therefore  in 
geese  it  is  ibrmwl  elsewhere.*  For  aught  that  is  known,  therefore,  urea  may 
be  formed  in  other  organs  than  ihe  liviT,  and  it  is  not  at  nil  impn^lmble  that 
it  is  formed  in  all  organs  where  protcid  deco^l]^u^iitit^n  is  progressing.  The 
greater  [lart  of  urea  from  proteid  i.*^  eliminateil  in  the  <log  fourteen  hours  after 
his  meal  (see  p.  o44). 

Guanidin,  HX:  C<C  j^gV  This  is  the  itnlde  of  urea,  and  has  been  obtained  by  the 
oxidtttiim  of  guanin.  It  unites  with  alcohol  and  acid  radicals— forniingr,  for  example, 
methyl  guanidin,  HNC  <  \!|?'ii  •  »"d  guanidin  acetic  acid,  HN  <  vmni  poOH 

NH 
Creatin,  or  Methyl  Guanidin  Acetic  Acid,  HXC  <  xTyi^?TT  \rtvj  ncM^VX 

Creatin  is  a  product  of  pn:>teid  decomposition  and  found  in  miisele  to  the  ex- 
tent of  0.3  per  cent,  in  traces  in  the  blood,  and  in  varying  amounts  in  tho 
urine.  It  in  the  principal  constituent  of  meat-i.*xtniets  (Liebig's).  Creatin 
may  be  formcsl  syiithcrieally  by  llie  union  of  cyanamide  with  sarooi-in,  and  it 
may  be  broken  up  into  these  constituents  by  boiling  with  barium  hydrate,  but 
the  cyauamide  is  immediately  convertwl  into  urea  through  the  addition  of 
water: 

'  Von  SrhrowJer  :  Arrhit  /iir  expcr.  Pniholoffie  unrf  Phftrmaknioyie,  1882,  Bd.  15,  S.  304. 

*  Salaskin,  S. :  Zeittrhri/t  Jur  phynolwrische  Ckemif,  1898,  Bd.  26,  S.  449. 

*  Zeitaehrijt  JUr  phtftioloyiMehe  Chemi^,  1898,  B*I.  25,  8  611. 

*  Mnrfopi:  Archiv  fur  trpfr.  Pnthnlngir  vnd  Pharmahflogif,  1894,  Bd.  33  S.  71, 
»  MinoWBki :  Ibi'L,  I88fi,  Bd.  21,  S.  02. 
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H^.CX  +  HN(CH,)CH,COOH  =  HN  :C  <  ^^H),CH,rOOH. 

Cyanuulde.  Snrroflln.  Crvntln. 

Crciitin,  however,  is  not  eouvertorl  into  urcii  in  the  IkwIv  if  fed.  hut  is  rx- 
creted  in  tlie  uriiie  ns  iT«itii»in.^  Tlie  fiiiiniiiit  nf  crwitinin  found  in  the  urine 
corresponds  nr>rtnally  to  the  amount  of  creatin  contained  in  the  meat  fixx-l ;  in 
starvation  tirine  it  Is  pro|i(tttionaI  in  anviMint  to  the  proteid  (muscle)  destroyct!, 
being  present  even  on  tiif  ttiirtieth  <hiy  (♦.■x[)erimfn(  on  Sueri"');  iiiul  it  is 
present  only  iu  trucefl,  or  not  at  all,  in  the  urine  oii  milk-fed  children  (ereatin- 
free  footl).  In  convale^iceiice  ereatin  is  said  to  he  retjiiued,  jxiss^ildy  for  the 
building  of  new  mu:*^le,^  Tlicre  is  no  reason  tor  believiiig  that  much  ereatin 
is  ever  formed  in  the  botly. 

Creatin  gives  its  flavor  to  meat.  Tf  gently  heated  it  givea  the  odor  of  roasting  beef. 
Crefitinin  in  the  iirint;  iv<huf.s  alkiiliiie  iutluliuns  ofi'tipper  Halts  feare  uitist  l»e  taken,  there- 
fore,  in  making  the  HU^ar  tent  id'ter  iisinx  meut  extracts).  'nieu<'tionorc'n^atin  iis  nrnply  tliat 
of  a  IlIuJLMant-^astin^^  plcn^tnt  ;«mollintr  Miihstaneo.  which  prepares  the  stouiHoh  fur  food 
but  XxoA  no  nourishing  vaku;  }ttr  nr.     It  ip  rmisiih»re(l  by  8<iinc  to  he  a  nerve-Biimulant. 

Creatlnin,  or  Olycolyl  Methyl  Guanidin. — Heating  ereatin  with  aeids 
changes    it    into    ereatiniii   with   loss  of   water,   and    having    the   formula 

NH— ro 

HN:C^  I      .     Warming   to  60°  with  phosphoric  acid   causes  this 

conversion.  In  like  manner  when  the  kidney  pn'jmn-s  an  acid  nrine,  cii^itin 
becomes  crcatiniu :  if  the  aciil  reaction  he  effaciHl  through  feeiling  alkaline 
salts  the  creatin  is  excretetl  iinchang*'d.^  Ci'eiuinin  with  chloride  of  zino 
forms  a  chai'acteristic  verv  insoluble  white  powder  of  croatinin  zinc  chloride, 
(C\H,X,0),.ZnCL 

Lysatin.  C'^Hi^NjOj,  and  Lysatinin,  CrtH„NjO,, — ^These  pub&tances  are 
obtainei],  like  lysin  (s*^  Inflow),  f^r^^J  the  hydrolytic  cleavage  of  prriteid,  a**  for 
example  from  castrin  or  congUuin  hwUeil  with  hydrtK^hloric  acid  and  zinc 
chloride;  they  are  pn»l)ably  likewise  produ«>d  in  tryinin  digestion.* 

According  to  Drr-ch^^?!*  they  are  homologucs  of  civatin  and  cn^alinin,  and 
therefore  should  yield  urea  ou  heating  with  barium  livilroxidc.  This  ia 
Drechsel's  method  of  direct  prwluction  of  urea  from  proteid  by  hydrolytic 
cleavage. 

Diamido-  Fatty  Acids. — Of  these  four  have  been  describe<l: 

Diamido-acetic  Acid,  ('H(NIIj),COOH.— This  was  found  by  Drwhsol'  among  other 
conipounds  al\cr  heating  ea».*in  in  scaled  tubes  with  eom^entralcd  hydrochloric  acid  at  140** 
liuimUlu-proprifiuic  acid  has  not  Ijecn  found  in  the  Imdy. 

»  Voit :  Zettaehrift  fh-  Bidogie,  1S68,  Bd.  4,  S  114. 
*LDcianl :  Dw  JTimpom,  i^ipiig,  1890,  8.  144. 

*  VoD  Nuortlen  :  PaUujlogit  <k*  StoffweJutU,  1893,  S.  169. 
«  Voit :  Zeit^tKt^t  fir  Biolo^,  1868,  Bd.  4,  S.  150. 

*  See  Drechsel,  and  his  pupils  Fisher,  Siegfried,  and  Hedin  :  ArtMivJvr  Pky9iotoffit^  1891,  S. 

248  tt  Mq. 

*  op.  cit.^  S.  261.  *  Aljelract  in  Maly's  JahrteberiefU  Uber  ThurthemUy  1892,  8,  9. 
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Diamido-Taleric  Acid,  or  Ornithin,  C4tI:(NH,),C001I.— This  haa  been  detected  bj' 
Jaffe  in  the  urine  and  excrements  of  fbwla. 

a-£-Diamido-caproic  Acid,  or  Lyein,  CH.NHjCHaCHjCHjCHNH,- 
CV)Orr. — Tliin  is  a  hydrolytir  oleuvane  invxhiot  of  protoid  after  boiling  with 
hydrochloric  acid,  or  baryta  >vater/  and  may  be  similarly  obtained  from  gela- 
tin, from  vegetable  proteiJ  (conglutiii),  *r«in  the  pancreatic  digestion  of 
protoid,  and  i'min  tin-  drcniiipnsitioii  of  th<"  protiiniins.     Other  bastes  arc  : 

Hifitidin,  CgH^NjO,,  a  buhc  derived  from  all  proteids  and  from  protamins. 

Argmin.^  CNH< 

^XH  — OH,— CHj  — CH3  — CHNHjCOOH,   is  also 
derived  from  all  proteids  and  from  }>rotaniins. 


PURIN  OR  AlLOXDRIC  BoDIBS  AND  BaSBS. 

The  alloxuric  botllcs  comprise  thoe?e  contaioiTig  in  combination  two  radicals, 

XH CO 

one  of  alloxan  J  OC  <C  ij  jr /^-y  >  CO,  the  other  of  urea.  The  skeletal  struc- 
ture of  all  alloxuric  bodies  may  be  written  thus : 

N— C 

C     — N 


N— C     —N^ 


Alloxan.  rroa. 

These  bodies  fall  into  three  group*?,  that  of  hypoxanthin^  of  xanthin,  and  of 
uric  acid,  iiodies  belonging  to  the  tir^t  two  groups  are  called  aUoxnnc  bases, 
or  more  commonly  xanihin  bottc^j  or  nufieiit  bafivSj,  because  they  are  derived 
from  nuclein.  The  strong  family  analogy  of  the  three  groups  is  shown  by 
the  following  reactions — results  of  heating  with  hydrochloric  acid  in  sealed 
tubes  at  180''  to  20f)°  :* 

C,H,N,0  +  7H,0  =  3NH,  -f  C,H,NO,  +  CO,  H-  2CH  A- 

Hyfioxanthln.  GlycocoU.  FOrmlcactd. 

C,H,X,0,  +  mp = 3NHa  +  C,H,NO,  +  2CO,  +  CH,0^ 

Xuritbiu. 

C.H.NA  +  5H,0  -  3N  H,  +  C,H,NO,  +  3CO^ 

Uric  acid. 

Reference  to  the  formuhe  below  will  show  that  the  molecules  of  COj  given 
off  correspond  to  (he  tinmber  of  CO  radicals  in  the  alloxuric  body,  while  the 
molecules  of  formic  acid  correspond  to  the  numl^er  of  CH  groups. 

Emil  Fisher*  has  discoveretl  a  bmly  called  purin,  and  lias  given  another 
classification.     The  chemical  series  of  the  purin  bodies  may  thus  be  presented  : 

»  Drechwl :  ArrJiiv  fur  PhyxuUoffi^,  1R91,  8.  248. 

'  FormuUi  by  Schulse  and  VVinter»u*in :  Zeitxhnft  jur  phyticloyiaehe  CA^mie,  1899,  Bd,  26. 

>  KruRer:  IlntL,  1894,  fid.,  16,  S.  46a 

•  BcridUe  der  dadtchm  cKemuchm  QtsdUchaft,  1899,  Bd.  32,  &  435. 
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CJI.NA 

Uric  Add. 


XAQtbln. 


Hypozanthln. 


C\H,N, 


Purln. 


To  purin  is  given  the  f(»llo\ving  formula 


N=C  — II 


H— { 


NH 


C  — H 


N_C_  N 


IN  — 6C 
2C      5C  — 


N7' 


C8 


3N 


X9/ 


riirin. 


'urtn  Duclcita. 


For  the  convenience  af  chemical  description  tlio  atoms  of  the  purin 
nucleus  arc  niunhereil  as  above,  since  the  clienucal  constitntinn  varii-s  with 
the  loralitv  to  which  the  fit*imfl  arf  attached  t4>  the  nneieus.  The  purin  deriv- 
atives iiumher  many  hundreds,  hut  only  about  a  dozen  are  known  at  prenent 
to  have  pliy^iolo^leal  signilieance. 

Hy]>oxanthm  is  6-4>xypunn,  xanthin  is  2,  6-dioxypnrin,  uric  aeid  is 
2»  t>,  8-trioxypurin,  ack-nin  in  O-aniino-purin^  while  guunin  is  2-amiuo- 
6-oxypMnn- 

Hyjwxanthlnj  xanthin,  adenin,  an<l  gnanlti  are  deeompasition  products  of 
the  Ducleins,  and  fn^m  their  oxidation  uric  acid  is  derived. 

(rt)    Pl'RIXS. 

Purin^  CjH^N^.  Thi^i,  acc<^>rding  to  Emil  Fisher,  is  a  Hubstance  which 
may  occur  in  the  body,  but  which  on  uocount  of  its  reatly  dccompositioa  has 
not  yet  been  discovered  there. 

(6)   MONOXVPCRINS. 

NH  — C  =  0 

Hypoxanthin,  or  Sarcin,  H — C  C  —  NH\ 

II  II  C  — H,— This  16  found 

N  —  C—  N  ^ 

in  small  amount  in  the  tissues  and  fluids  of  the  body  and  in  the  nrine. 
Hypoxanthin  is  derive<l  from  some  nucleins,  especially  those  contuinefl  in 
the  sperm  of  salmon  and  carp,  throujrh  tlie  action  of  water  or  dilute  acids. 


r 


NH 

( 
Xanthin,  O  =  C 

!         11 
NH  — C—  N 


(c)  DldXYPlRINS, 

C  — NH\ 


C  —  H.— This  substance,  like  hypoxan- 


thin, 18  found  in  the  tissues  and  fluids  of  the  body  and  in  the  urine.  It  is  a 
decomposition  product  of  some  nuekins  ami  may  be  f(tuud  in  those  of  the 
pancreas,  thymus,  testicle,  carp  sperm,  etc. 


Methyl  Bioxyporins. — Tho  HlkultiidK  (li<'(i|>hyllin.  theubrumin,  uiul  caffeiii  occur  in 
lea,  coffee,  cocoa,  etc.,  and  arc  hubitually  (Hkcn  in  the  food.     Tlicophyllin  11,  3-diniethyl- 
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lanthio)  probably  loaes  it»  lalnle  3-nn  ili.vl  in  tlic  hinly.  and  rK-curs  in  the  urine  as  1-mcthyl- 
xanthin.  lu  like  manner  iheobroniin  (3.  T-diniethylsanthin)  is  i-onverted  into  hetenixau- 
thin  (7-mcthylxantliin).  Cuffeiii  (1,  3,  7-triuic'l)iylxiiiithtii]  :i1>hj  purtH  with  iU  ^-lueihyl- 
radicle  and  appears  in  the  urine  a.s  parax:inthin  (I,  T-dimethylxnnthin).  Kriiger  and 
Salomon'  find 22. 3  ^rramaof  heteroxanthin,  ^il.:'. iinimsot*  I  inelliyhanlhin,  and  15.3 grams 
of  para  xiiritdin  in  I0,()(M)  liters  of  urine,  or  murh  ninre  in  (juautity  than  the  true  nuclcin 
bus*\s  (xuMihin,  vw,). 

That  thettphyUin,  thcobrnmin.  and  enfl'ein  may  Ijl*  deniethylalcd  in  the  tissue  L**  an 
interesting  commentary  on  the  meihylaiion  of  telluriumj  Helenium.  and  pyridin  by  the 
tissues. 


(d)  MoXOAMINOrUfitNS. 

N  =  C  — NH, 

I        I 
Adenin,  or  6-Aminoparin,  II  —  V       ( 


C_Nn\ 
II       II  C-H. 

N'— €—  N-- 

Adc?nin  is  found  in  thf*  blood,  the  tissneri,  aiul  the  iirino.  It  is  especially  a 
dct'omposition  prtRlurt  of  tliyrniis  nmili'in,  aUhoiig-h  oIIkt  niu'leins  umy  cou- 
tain  it.     Niti*ous  oxide  converts  it  into  hypoxanthin. 

(c)    AMI.NU.Wl'lIttlNS. 


Chianin,  or  2-Amiiio-6-Oxypurin 


Mil  — C  =  0 

,  II,N  — C         C  — ? 


NH\ 


C  — H 


N         C—  X  -^ 


This  also  is  found  as  a  do<ompositTon  product  of  s<mie  niicbdns,  especially 
that  of  the  pancrciiH.  C'oinbiiiiHl  with  r:jlrJiiin  it  gives  the  l>i*illiant  iride.*- 
oenee  to  fish-soale.s.^  It  is  fouud  in  the  fresher  layera  of  guano,  and,  occord- 
ing  to  Voit,  is  here  verj'  probably  derived  from  the  tieh  eaten  by  the  water- 
fowl. 

Epiguanin,  or  7-Methyl-guanin.— Tliis  Iiah  buen  found  in  tlie  urine,  and  like  the 
other  nielliyiated  purins  may  very  likely  he  derived  frum  tlu'  font!  led," 

Episarcin  i.s  a  purin  base  which  Ikls  lH;c!n  tuund  in  the  urine,  but  whose  conBguru- 
tion  has  not  yet  been  made  out. 

Camin  is  said  to  oconr  in  ihij  urine,     II;^  composition  is  unknown. 


(/)   TniOXYPURINS. 

NH— C  =  0 

Uric  Acid,  O  =  C  C— NH 

\  [j  >CO. — This  aeid  is  found  in  the  nor- 

NH— C— NH 
mal  urine  in  small  amounts,  and  may  be  detected  in  the  blood  and  tissues, 

1  Zeittchriflfur  phyviologiKkt  ChftnU^  189S,  Bd.  26.  8.  350. 

'  Voit:  XciUehkft  fib-  wirnnaeha/tiicfK  Zootogtf,  Bd.  15,  8.  616. 

*  Kruger  and  .Salomon :  Zeituchrift  fur  phtf^utlogiedie  Chtmie,  1898,  Bd.  26,  S.  3BV. 
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tally  in  gout.     It  is  tlie  priacifml  excrement  of  bird8  aud  suakeSi  thai  of 
the  latter  being  almost  pure  ammonium  urate. 

Preparation. — (1)  By  benting  glyeoooll  with  urea  at  200^  : 

C,H,N()a  +  3CO(XHj)j  =  C,H,N,O3  +  3NH5  +  2H,0. 

(2)  By  heating  the  amide  of  trichlorlactic  acid  with  urea: 

CVljClK  m.CO.Nn,  +  2C0(NH,1     CJI.NA  -f  ;iHCl  +  NH,  +  H,<>. 

ProperiicH, — Uric  acid  may  be  deposited  iu  white  hard  crystaLs,  which  are 
teteless,  odorless,  and  almost  insoluble  in  water,  alcohol,  or  ether.  (For  its 
solution  in  the  urine  sec  p.  '>22.)  Pres4'iiw  of  iinm  addn  to  its  solubiHty.'  Its 
most  soluble  stdls  are  tJio?H!  of  lithiiitu  and  pi{>erazin.  Uric  acid  is  dibasic — 
that  18,  two  of  its  hydnjgen  atoms  may  be  rephwNxi  by  monad  elements 

(1)  Nitric  acid  in  the  cold  converts  uric  acid  into  area  aud  aUoxan: 

CsII.N  A  4-  0  -f  U,0  =  0C<;^-{{  Z  f^>^^  +  OC(NH^ 

Alloxan. 

(2)  Whereaa,  if  the  hot  acid  acts,  it  product's  p^iraltantc  acid: 

•NH-COv  /NH-CO 

0C<  >C0  +  O  -  OOC  I     +  CO,. 

rmrabunlc  acid. 

(3)  Through  water  addition  pambanic  acid  becomes  oxnluric  add: 

/NH-C-0  /NH, 

0C<  I         +H,0  =  OC< 

\NH-C-0  \NH.CfO.COOR 

OxAlurfc  A('l(l. 

(4)  Aud  still  another  moU^ule  of  water  adihni  protluccM  oxalic  acid  and  urea: ' 

/Nil,  cooe 

OCC  +H,0-J  +OC(NH.),. 

\nh.co.cooh  roOH 

Oxallr  urjd. 

The  above  reactions  Icatl  up  to  the  eonstitutj<rtmI  llmnnla  of  uric  acid,  and  show  ita 
docompoeition  into  urea  .-uhI  oxalic  acid  thntueEi  itxitliitif^u  and  hydrolysis.  It  in  known 
that  uric  acid  when  fed  inorcises  the  anmant  of  anm  in  the  urine,  and  it  is  poijuible  that 
the  oxalic  acid  in  tlic  urine  may  have  the  same  »Mirce. 

Uric  acid  oxidized  with  (lenuanfianatc  of  pittiiKtinni  i»  converted  into  a//aii<oiA, 

NH-CH-NH' 


\nh,  co-nh/ 


a  sabstaocG  whidi  is  found  in  the  nllnntoic  fluid,  and  in  the  urine  of  pregnant  women  and 
of  ncwlxini  cliiUron,  and  in  the  urine  uf  dopji*  after  feeding  thymus  f80e!  Ik'Iow). 

If  uric  acid  be  eurufully  evaporated  with  nitric  acid  on  a  small  white  jKjn.'oloin  cover, 
a  reddish  residue  remains,  which  moistened  witli  ammonia  jfivcs  a  brilliant  purplu  color, 
due  to  the  formation  of  nmrrj-iV/,  C(,H4(NII,)X50t ;  aubeeiiuent  addition  of  alkali  grivea 
a  red  coloratit)n.     This  is  known  as  the  murrxid  trst  and  is  verj"  delicate. 

The  Purm  Bases  in  the  Body. — All  tnie  nticleins  yield  one  or  more  of 
the  purin  bases.     Nueleins  are  eonibimitinns  of  nncleic  acid  and  protoid, 

'  G.  Riidel :  -4rcA»r  fir  erprr.  Patkohfjir  nnd  PhnrmahAo^  W93,  Bd.  30,  S.  409. 
■  See  Bunge :  PhfMiohgit^e  ChcmU,  18H  H-  312. 
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except  the  nuclein  from  epermatozoa  in  which  the  acid  comhiues  with  pro- 
tamin.  The  simplest  imlication  of  the  cleavage  of  nuclein  (see  Nuclein)  on 
chemical  treatment,  may  be  written  a*  follows : 


Nuclein. 
I 


Proteid. 


Nucleic  acid. 


Phuspburic  acid. 


Aden  in. 

Guaiiin. 

Xanthin. 

Hypoxaiithin. 


The  idea  that  the  purin  lx)dies  occurring  in  the  urine  of  mammals  are 
the  metabolic  pro<luct8  of  nneleiuA,  the  uric  acid  being  derived  from  the 
oxidation  nf  tlic  bases,  was  made  espocially  clear  by  tlie  experiments  of 
Horbaczewi^ki.'  His  statement  that  ferding  niicleins  increases  the  purin 
bases  and  the  uric  acid  in  the  urine  has  been  frequently  contirnieil.  He  jdso 
shnwefl  that  if  fresh  spieiMi  piilpj  which  cmtains  nt>  purin  luMJics,  be  per^ 
mitted  to  putn^fv,  tlit^  exlnict  will  ctHitain  xuiithin  and  hypoxanthin,  whereas 
if  llir  >;pleen  pidp  l)e  shaken  with  the  air  uric  acid  is  produced,  being  oxi- 
<li/od  from  tlit^se  bascw.  Spitxer"  linds,  if  air  be  jmssed  thnnifrli  sj>leen  and 
liver  extracts  digestt'd  at  40°  with  tlic  cxcbision  of  putretaction,  that  uric 
acid  is  produced.  The  miciein  bases  formed  decrease  with  the  increase-  of 
uric  acid.  Ilypoxantbiu  and  xanthin  a<Kled  to  such  digests  are  readily  oxi- 
dize<l  to  uric  acid,  as  are  a<l(.niu  and  guauin,  although  with  greater  difficulty. 
Extracts  of  the  kidney,  pancreas,  thymirs,  and  bbwid  have  nt^  such  jKjwer. 
Feeding  uric  acid  and  nuclein  bases  increaees  the  amount  of  urea  in  the 
urine.  Jfinkuwski^  ha;^  proved  that  after  fecdiug  hypt»xanthin  uric  acid 
increases  in  the  urine,  sliowing  its  oxidation.  Minkowski  also  showed  after 
feeiling  a  man  with  thymus,  the  nuclein  of  which  yieMs  principally  adenin 
with  some  gtianin,  tliat  the  amount  of  uric  acid  wa-^  increased  in  the  urine; 
the  same  IckkI  fed  to  a  dag  increased  the  nrie  acid,  and  allantoin,an  rjxidation 
prrnluct  of  uric  acid,  also  appeared.  Feeding  adenin  to  a  dog  did  not  in- 
creas*!  the  urie  acid  or  allantdiii  exeretioii,  liut  on  antopsv  of  the  dog*  there 
was  found  a  deposit  of  uric  acid  in  the  uriniferous  tubules  with  indications 
of  inflanmiatory  processes.  This  is  the  first  known  artificial  production  of  a 
de{)osition  of  uric  acid.  It  would  seem  that  tlic  aflenin  in  combination  with 
nucleic  acid  in  thymus  may  be  readily  burned  to  uric  acid  in  sucli  a  way 
that  it  is  readily  excreted,  whereas  adenin  itself  behaves  differently.  Ivoewi* 
finds  that  the  same  amount  of  nuclein  fo<xi  fed  to  different  p<'Ople  results*  in 
the  same  excretion  of  uric  acid.  Pie  tlierefore  concludes  that  all  the  purin 
bodies  liberated  in  metabolism  are  quantitatively  eliminated*    The  analysis  of 

■  Sitaungtbtrichie  Her  Winter  AkaHrmie  der  WintuKhuJl,  1891.  Bd.  100.  Abth.  uL  S,  13. 

*  Pfi&gia'»  Archiv,  1800,  Bd.  76,  S.  102. 
>  Ar^w  JSr  erfffr.  P^Uhohgw  vnd  yUarmakohgit,  1803,  Bd.  41,  8.  375. 

•  Aid.  1900,Bd.44,8.  I. 
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10,000  liters  nf  urine*  lias  shown  the  presence  of  10.11  grams  of  xanthin, 
8.5  gniDiH  of  hy|io\:intliiiK  and  3.54  grama  of  ailonin. 

Xartthin  fftl  to  hiivis  is  rnnvfrUMl  into  uric  acid.  In  birds  the  fonuation  of  uric  acid 
dcpcmli^  un  u  syiuhotir  iiiiinn  \i\'  aiiiiiiniiiii  uutl  luetic  lund  hi  the  liver,  miiLV  on  uxtirpatJon 
or  the  liver  the  IjLst  two  sulit^tiirices  ajipear  in  ihe  urine  in  amouote  proportional  to  the 
normally  formed  uric  acid  (wjc  p.  54  G). 

The  litcralure  on  the  subject  of  gout  is  euormou:^.  It  is  sufifieient  to  re- 
mark here  that  it  is  not  even  knowu  whether  gout  is  tliie  to  an  increased  for- 
mation or  an  ineni'tisotl  retention  of  uric  acid.  The  amount  of  uric  acid  in  the 
bloo<l  is  certainly  increasciL  The  normal  amount  of  uric  acid  in  the  daily 
urine  is  put  at  0.7  gram,  that  of  the  purin  hases  at  0.1325,'  althouj^^Ii  this 
hitter  may  be  too  liijrh  on  ai-rounl  of  t!ie  presence  of  the  ha.ses  dcrivt'd  from 
t«i  and  ooft'oe.  The  amount  of  the  bases  may  bo  quadrupled  in  leucoey- 
thwmia.' 

Diatomic  Dibasic  Acids,  CnHj^-aO^. 

Oxalic  Acid,  |  .—This  is  found  as  calcium  oxalate  in  the  urine,  and 

CXK>H 

is  present  in  nio:*t  plants.     It  is  a  prwiuct  of  boiling  proteid   with  barium 

hydrate.     It  may  be  obtained  synthetically  by  heating  sodium  formate  : 

CXX)Xa 
2HC00Na-|  +2H. 

COONa 

Oxalic  acid  and  its  alkaline  salt-s  are  very  soluble  in  water.  Its  calciimi  salts 
are  insoluble  in  water  and  dilute  acetic  acid,  but  are  soluble  in  ibe  UL-id  phos- 
phates of  the  urine. 

Aceorrling  to  Ix)mmel,*  oxalic  acid  is  a  prmluet  of  metabolism,  and  is 
not  prfKluced  proportionally  to  proti^d  ch'stroyed,  but  occurs  in  increns<*<l 
amounts  in  \\w  urine  Avlien  nucletus  (thymus)  and  gelatin  are  fe<l.  The 
occurrence  of  oxalic  acid  in  the  urine  after  feeding  nueleins  is  significant 
in  virtue  of  its  possible  origin  from  uric  acid  <soe  Uric  Acid,  p.  554).  Stones 
in  the  bladder  are  sometimes  composed  of  calcium  oxalate,  as  are  also  urinary 
sediments  when  formed  in  consequence  of  ammoniacal  fermentation. 

Succinic  Acid,  HCXX.C'JI.XXM  )H  — This  has  been  detected  in  the 
spleen,  thymus,  thynud^  in  eehinociMrus  tluidj  and  often  in  hydrocele  fluid.  It 
is  a  priKluct  of  alci>lK)lic  fermentation^  ami  of  proteid  putrefaction.  It  is  often 
found  in  plants. 

Amido-succinic  Acid,  or  Aspartic  Acid.  HOOC\C,H3NH,.CXX)H. 
This  is  u  product  of  boiling  proteid  with  acid  or  alkalies,  and  it  is  also  formed 
under  the  influence  of  trypsin  in  proteid  digestion. 

■  Knig«r  and  Salomon:  Zritsrhriff /ur phtfitiologiache  Chemit,  1898,  Bd.  26,  a  3.W. 

*  KrQger  and  Wulff:  Ibid.,  1895.  Bd.  20,  S.  194.         >  BondayDBki  and  Gottlieb,  Op.  eU^  S.  132. 

*  Dtmtaehc*  ArchivfUr  iUinUeJu  Meduin,  1899.  Bd.  03.  a  699. 
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Honamide  of  Amido-saccinic  Acid,  or  Aspara^n.   H,NOC.C,H,Nn,.COOH. 

— This  id  fouml  widely  distributed  in  plauts.  cs|>ei.-ially  in  the  uenninalinji  seed.  If  a  plant 
be  pluei'd  in  ilie  diirk  its  prolclii  nitro^tn  dot'ro;wes.  wlierea^  the  noti-pix»teid  nitroj^cn 
increases,'  the  cause  M"  tliiH  being  attrihulcd  to  iimteid  nietahohum  with  the  pivxluction  of 
amido-  acids,  i.  *:.  jispartic  and  gUitaniit'  at'iils.  leuein.  and  tyrusin.  In  the  sunlight^  it 
w  believed,  these  bodies  are  later  reeonvtrted  infu  pniuid.  One  view  re^fiiniing  the  for- 
mation  of  asparaKin  is  based  theoretieally  un  the  produeiion  of  succinic  acid  from  carbo- 
hydrates (as  in  alcoholic  fermentation)  iind  the  siihwHinenl  formation  of  oxynicciuic  acid 
(or  malic  acid,  HOOC.OJisOH.COOH),  whioh  tlie  innrt'tinie  nitmgenons  salts  cliange 
to  osparagin.'  At  any  mte  xspara^in  in  thv  pliitit  has  the  jiower  ol'  bt'Jng  cnnistriicted  into 
proteid.  Since  protcid  in  the  animal  body  may  yield  60  per  cent,  of  dextrose  in  its 
decomposition,  as  will  be  shown,  it  tieems  fair  to  sunnise  that  the  synthesis  of  proteid  in 
the  plant  may  in  part  depend  uj)on  the  union  of  aspurajfriu  or  Bimilar  auiido-  compounds 
wjlh  the  carlwhyi] rates  pri'hent.  Aspiirairin  if  fed  is  eunverte*!  into  urea.  It  funiib  no 
proteid  sytilhesis  in  the  animal,  and  ha.s  only  a  verj'  ^niall  effect  as  a  fowl-stuff.' 

Glutamic  acid,  HOOC.CHN'H, fH,.CH,.CO<)H.— This  is  found  as  a  cleavage- 
produrt  of  trypiie  dijiresiion  in  the  intestirjul  canal.  Ghitamln,  ns  amido-  compound,  is,  like 
i]fpara)?in,  widely  distributed  in  the  vegetable  kin^rdom  and  in  eunstderable  amounts.  It 
probably  plays  tbe  satue  role  as  asparagln  in  the  plant.  Cilutamin  is  mure  soluble  than 
asparagin  and  is  therctbre  less  easily  detGcte<l. 


Compounds  of  Triatomic  Alcohol  Radicals. 

CHyoerin.  or  Propenyl  Alcohol,  CHaOH.CHOH.CHpH.  The  glycerin 
esters  of  the  latty  aelJs  form  the  basis  of  all  animal  and  vegetable  iats. 
Gljoerin  is  furthermore  formerl  in  small  quantities  in  alcoholic  fermentation. 

Preparation. — (I)  Through  the  uetion  oi'  an  alkali  ou  a  fat,  glywrin  and  a 
9oap  are  formed,  a  process  called  sfiponijicatioji : 

2C,H,(r„ir3,0,),  +  SNaOH  =  2Cjr,(OH),  +  6NaC„H„0r 

Stcnrlu.  Hodliim  tlearatc. 

(2)  Fata  may  he  deeomjHised  into  glyeerin  and  fatty  aeid  by  superheated 
fiteaui,  and  likewise  by  the  fat-splitting  ferment  in  the  paticreatic  juice.  Thus, 
if  a  thoroughly  waslied  hntter-Iiall,  cimsisting  of  pure  neutral  fat,  be  colored 
with  blue  litniu.*^,  and  a  drop  of  pincnjatie  juice  Im?  placed  upon  it,  the  mass 
will  gnidually  grow  red  in  virtue  of  the  fatty  acid  lil>erated  from  its  glyc^erin 
combination.     This  reaction  tiikcs  place  in  tlip  intestine. 

If  fatty  aeid  be  fed^  the  chyle  in  the  thoracic  <hict  is  found  to  oontaiu  much 
nentRil  fat*  This  synthesis  indicates  the  presence  of  glycerin  in  the  body — 
|KTha|is,  in  this  case,  in  the  villus  of  the  intestfiie :  tlie  source  of  this  glycerin, 
whether  from  proteid  or  carbohydi^ntei:;,  is  probleinatiejiL  If  glycerin  l>e  fed, 
only  little  is  absorbed  (since  diarrluea  ensues),  and  of  that  little  some  appears 
in  the  urine.     It  seems,  therefore,  to  be  oxidized  with  difficulty  in  the  body. 

Glycerin  Aldehyde,  I10CH,.CH0H.CH0,  and  Dioxyacetone,  I10CH,.C0.Cn, 
Oil. — These  subfltancos  are  formed  by  the  careful  nxidation  of  glycerin  with  nitric  acid, 
and  together  are  termed  tjlyvermc.     They  have  a  sweet  taate  and  are  the  lowest  known 

>  Schulse  and  Risser:  lAiruimrtK^eh'tlflichc  Vertuehs-Staiion,  1889,  Bd.  36,  S.  1. 

•  Muller:  Ibid,,  1886,  BU.  33,  8.  326. 
»  See  Voit :  ZeiUtehri/t  fUr  J3w/oyi>,  1892,  Bd.  29,  S.  125. 

*  Munk :  Vir(Jum*9  Arehiv,  1880,  Bd.  80,  S.  17. 
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members  of  the  glycose  (sugar)  scries — t  t,  subBlaocea  which  are  characterized  hy  the 
prctsoncc  of  either  nldehydc-alcohol,  — OilOH— l*HO.  or  ketone  alcohol,  — CO— <,'H,OH, 
radifuk.  The  oonstituouU  of  glycerose,  fn>iii  tlie  iiumW  of  iht'ir  ciirbon  atouiB,  are 
called  tritws.  On  boiling  glycerose  with  barium  hydrate  the  two  constitucotfi  readily 
unit*  to  f()mi  i- fructose  (levulose). 

Qlyoerin  Phosphoric  Acid,  (HO)2C5H5.TIjP04. — This  is  the  only  ethe- 
real phosphoric  acid  in  tho  uritie.     It  iti  fuuxid  iu  luere  traces. 

Lecithin,    ch/^^'*^'"-^^'^ 

*    '\O.FO.(()H).O.C,H,.N(CH,),OH.— Lc<-ithin     is    found 

in  every  cell,  animal  or  vt^retuble,  and  esj)ceially  in  the  brain  and  nerves. 
It  IS  found  in  egg-yolk,  iu  nin.scla!t,  in  l>lood-(x>rpusc]e8,  in  lymph,  pus-cells, 
in  l»ile,  and  in  niilk.  On  l_H)iIin^  Iwithin  with  acids  or  alkalies,  or  through 
putrrtm'tiuii  in  tlic  intestinal  rannl,  it  breaks  up  into  its  a>n.stitupnt^,  fatty 
acids,  glycerin  pho^^phoric  acid,  and  choliu  (see  p.  543),  substances  which  the 
intJ'istine  may  absorb.  Tlic  fatty  acid??  may  be  stt^nrir*.  palmitic,  or  oleic,  two 
molecules  of  dilUrcnt  fatty  adds  sometimes  uniting  in  one  molecule  of 
lecithin:  hence  there  are  varieties  of  lecrilhins.  Through  further  putrefaction 
cholin  breaks  up  into  carlx)nic  oxide,  methane,  and  ammonia.*  Lecithin 
treated  with  distille*!  water  swells,  furnishing  the  n-ason  for  the  "  myelin 
forms  "of  nervous  tis.sue.  Lecithin  is  rcadilv  soluble  iu  alcuhol  and  ether. 
It  feels  waxy  to  the  touch.  Protar/oiiy  which  has  been  obtained  especially 
from  the  brain,  is  a  crystalbue  btjdy  containing  lecithin  and  crrebrin — which 
is  a  glucoside  (a  bo<ly  s<.'paralilc  into  protci*!  and  a  sugar).  The  chemical 
i<lentity  of  protagon  is  shown  in  that  etlicr  and  alcohol  will  not  extract  le<*ithin 
from  it.*  Protagon  rcailily  breaks  up  intc*  its  constituents.  Wfiilc  protagon 
seems  to  be  regarded  as  the  princijKil  form  in  which  lecitinn  (xvurs  in  the 
brain,  simple  lecithin  irf  believed  to  be  present  in  the  nerves  and  other  oi^ons. 
This  subject  has  m^t  been  pnijjr'Hy  wiirkoil  out.  NolP  states  that  the 
quantity  of  protagon  in  the  spinal  cord  may  anjount  to  25  per  cent,  of  the 
dry  solids,  in  the  brain  to  22  per  cent,,  and  in  the  sciatic  nerve  to  7.5  per 
cent.  Regarding  the  jifynthesis  of  lecithin  in  the  ImhIv,  or  the  physiological 
imi>ortance  of  tlie  substance,  absolutely  nothing  is  known. 

Fat  IN'  TIIK  Ii4)iiY. — Animal  and  vegetable  lats  consist  principally  of 
a  mixture  of  the  triglycerides  of  palmitic,  stearic,  and  oleic  acids.  In  the 
intestines  the  fat-splitting  ferments  ermvcrta  snmll  |>'»rtinn  of  fat  intoglvcerin 
and  fatty  acid  ;  the  fatty  aciij  unites  with  alkali  to  form  a  soap,  in  the  presence 
of  which  the  fat  breaks  up  into  fine  globules  called  an  emulsion  ;  the  fat-split- 
ting ferment  tlien  acts  further  on  the  fat.  probably  converting  it  all  into  fatty 
acid  ami  glycerin.*  A  tine  emulsion  of  lanolin  (fatty  acid  in  combination  with 
eholcsterin,  isoeholesterin,  etc.)  is  not  aljsorbed,  because  the  intestine  does 
not  break  up  the  combination,*  and  the  melted  particles  theiuselve^t  cannot 

>  Iloitebrwk  "   ZeUgchrifi  fur  phynoiogUthe  dtcmU,  I8S9,  Bd.  12,  8.  U8. 
'  (jani^fee  and  Blunkeuhom  :  Jountal  of  IVtyaujA^^  18S1,  vol.  ii.  p.  113w 

*  ZeitMhrift  fur  phyewloyueM  ChemU,  180i>,  Bd.  27,  S.  370. 

*  Frank,  ().  :  ZetUekrift  fur  Biotiitfit.  1808,  Bd.  36,  S.  668. 

*  Couiutcin  :  Ardiiv  fur  Phytiotogit^  1890,  8.  30. 


Ay  AMERWAN   TEXTBOOK   OF  PHYSrOLOOY. 

be  absorbed.  When  the  fatty  acids  are  produced  they  unite  with  the  alkali 
of  the  intestinos  to  form  soapn.  The  soIutiiHi  of  these  soaps  is  greatly  aided 
by  tlie  bile.'  The  tis^inM>f  the  villus  has  the  power  to  unite  s^iithetically  il»e 
absorbed  soap  and  glycerin  to  Ibnu  ueutnil  fat. 

It  sliijiild  be  retiHnubtM'Oil  tliat  the  changes  necessary  for  the  absorption  of 
fat  may  also  take  place  in  a  cleansed  isolated  I(K)p  of  the  intestine.' 

Fat  may  likewise  be  derived  froui  ingestt^l  mrWthyd rates.  The  chemical 
derivation  of  fatty  acid  from  earbohydrates  has  ab-eady  been  nientioneil  in 
the  case  of  forndc,  acetk-,  propionic  (see  p.  537),  and  butA-ric  acids.  The  fatty 
acids  of  fuwd  oils  are  likewise  formed  from  earlx>hydrates  in  fermentation. 
The  laboratory  synthesis  of  sugar  from  glycerin  has  been  already  related. 
These  reaetii»ns,  however,  furnish  only  the  smallest  indication  of  the  large 
transformation  of  carboliydmtes  into  fat  possible  in  the  tody. 

If  geese  be  fed  with  rice  in  large  quautity,  and  tlm  ezcrvtii  and  nir  respired  be  ana- 
lyzed, it  may  be  sliown  that  ntrlwMi  is  retaineil  in  large  ammint  by  the  btidy,  in  aujount 
too  great  to  be  entiri'l.v  diu;  to  tin-  tiirrnittion  of  j^lyeu^en,  and  unist  therefore  have  been 
depositeil  in  the  tonn  (d'  fat."  Siicli  flittonin^  of  gwsc  produces  llie  delicate  p&U  dt  foU 
grtus.     The  prineiplu  has  beua  established  in  the  ease  ol'  the  dug  ae  well.* 

The  ftjrmation  of  fat  from  protcid  (fatty  degenei-ation)  is  believed  to 
take  place  in  some  jiatlKdogical  eases  (see  p*  613).  Recollection  of  the  fact 
that  proteid  niayyifbl  iiO  jHTcent.  of  sugar  ai4l3  in  tlie  comprehension  of  this 
problem.* 

Other  usually  cited  proufs  of  the  funuation  of  fat  frnna  proteid  include  the  convei«oa 
of  casein  into  fat  ineident  to  the  ripeinnc:  of  eheese;  and  the  tninsforumtion  of  muscle  in 
a  damp  locality  into  a  chcese-Iike  mass  eaJletl  mlipnctre,  wln^'h  in  probably  effected  by 
bacteria.*  Adiixxx'ro  cuntainH  dimbit*  the  original  fimintity  of  fatty  acid,  occurring  as  cal- 
cium, and  fM^motimes  as  auituunium  saltfi. 

Experiments  of  C.  Voit  hIiow  that  on  feetlinir  large  iiuantities  of  proteid,  not  all  the 
oiirboiiic  acid  is  expired  that  belongs  lo  the  jiroteid  destroyed  as  indicated  by  the  nitrogen 
in  the  nrine  and  fecca  The  enmhisitvn  follows  that  a  nonnilrogcnons  sulistance  has  l)een 
stored  in  the  liody.  Too  min-h  rurlntn  is  retained  to  he  present  only  in  the  ionn  of  glyco- 
gen ;  fat  from  proteid  must  therefore  have  Inien  tstoivd.'  T!ie  furuialion  uf  fat  normally 
from  proteid  has  hcon  c«)»jbated  by  I*fliiper,  it  would  seem  without  proper  foundation. 
For  bt'havior  of  fat  in  the  cell  sec  p.  558. 

Oleic  Acid,  CigHj^O,. — This  acid  belongs  to  the  series  of  fatty  acids  hav- 
ing the  formula  i.\H^_f)^  Its  glyceride  solidifies  only  as  low  as  -1-4°  C.  It  is 
the  principal  ciinifHaind  of  liquid  oils.  Pare  stearin  is  solid  at  the  body's 
tem|K'ralLirc,  but  mixed  with  oleVn  the  meltifig-p<^int  of  the  mixture  is  reduced 
below  the  temperature  of  the  body  and  its  absorption  is  thereby  rendered  possi- 
ble.    The  fat  in  the  Innly  is  all  in  a  fluid  ct>nditionj  due  to  the  presence  of  olein* 

*  Moore  and  Ruokwood  :  Journat  &f  Physiotoffy,  18Q7,  vol.  xxh  p.  58. 
>  Cunningham :  Ibid.,  1898,  vol.  23,  p.  209. 

»  Voit:  Abstract  in  J(ihrfj<iirricM  iUttr  Thicrchrmit,  1885,  Bd,  15,  S,  51, 

•  Biihner:  Zciixhrijt  Jur  Jiioi»yir,  1886,  B^I.  22,  S.  272. 

'  K*y,  McDermott  and  I.unk  :  Ainerimn  JottnusJ  of  Phyitiohgy,  18&9,  vol.  3,  p.  139. 
'  Bead  Lehiimnn:  Ahetract  In  Jahrtthcrickl  xiber  Thierchemu,  1889,  Bd.  19,  S.  516. 
'  Krwin  V' oil :  JiUnckencr  tfwtticiniaehe  Wodien*eltrifl,  No.  26,  1892  ;  abstract  in  JahretbtricU 
Aer  Thicrehtmie,  1892,  S.  34 ;  Cremer,  M.  :  ZcitMhrift  fUr  Bidoyit,  1899.  Bd.  38,  a  309. 
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GaRBOBTD  RATES. 

The  iintH>r1a(it  sugar  of  the  bhxKl  aiul  tbe  tiBsiieg  is  dextrose.  It  ia 
derived  fn:»in  tiie  hydration  of  starchy  foods,  ami  from  protoiU  nietabolisiu. 
Fnjm  dextros**  tlio  hu'tic  glamt^^  |»roluibly  mamifartim*  unothcr  t'urboliydmte, 
milk-sugar.  Canu-sugar  furniH  au  article  highly  prixtMl  as  a  food.  The  study 
of  tlic  various  siigan*  i>r  curlKihydrates  is  of  especial  interest,  because  their 
chemical  nature  is  now  well  known. 

Carbohydrates  were  funnorly  defined  us  bodies  which,  like  the  sugars  and 
substances  of  allied  constitution,  contxiin  carbon,  hydrogen,  and  oxygen,  the 
carbon  atoms  bcinj^  present  to  the  number  of  six  or  multiples  thereof,  the 
hydrogen  and  oxygen  being  present  in  a  proportion  to  form  water,  Gltfcoscs 
inoliule  the  monosiiccharides  like  dextroee,  CflHjjO^ ;  disaccharules  include, 
for  example,  cane-su^riir,  f-'uH-^t^ii,  which  breaks  up  into  dextrose  and  levu- 
low,  while  polyHaci'hiu'ileji  comprise  such  bodies  as  stjiivh  ami  dextrins,  which 
have  the  formula  (CaHm(>.,)„. 

In  recent  years  tfie  term  glycowe  has  l^een  exteiulwl  to  i-over  iMxlies  having 
three  to  nine  carlxjii  at4)m.s  and  posi^essing  either  the  con.slitutiou  of  an 
aldehyde-alcohol,  — CH(()ll)(JHO,  called  aidoses,  or  of  a  keloue-aleohol, 
— COC'HjOFI,  callwl  kdosvn,  The:*e  bodies  also  have  hydnjgen  and  oxygon 
present  in  a  proportion  to  form  water,  and  the  number  of  carbon  atoms  always 
equals  in  niiniher  those  of  oxygen.  According  to  their  number  of  carl>on  atoms 
they  are  termed  t  rioses,  ti-t  n  ises,  pentoses,  hexoses,  heptoses,  oct(»ses,  and  nonot*os. 

It  haa  been  »lic>wn  (foot-note,  p.  54'0  bow  from  the  aiii:^iumetTic  earbou  atom  in  Inetic 
acid  two  ooiiH^MiratioD.s  lire  <Ierive<].  If  a  body  (such  &s  trioxyhutyrk-  acid)  contains  two 
as>*mmctri(<  ciHhjii  atoms,  ibar  conBgurutions  arc  {wsHiblo, 

vujm  v]um  ni/m  rn,on 

uroli 

OUCH 
COOH 

Similarly  amon^r  the  slycose-aldoees,  a  iriose  has  two  mo^lificaltoaa ;  a  tetroso,  four;  a  pen- 
tone,  ei>fht;  a  hexose,  Hixtven,  etc.  Thtia  in  the  f«)II<twinp  fonnula  by  the  vsrintiooa  of  H 
and  OH  on  the  fwur  asymmetric  c«rbon  atoms,  ttixteen  possible  hezofics  may  be  obtained. 

VUfiU 
-C- 
-C^ 
— ('— 
-C- 

CHO 

The  carbohydrates  have  well-defined  optical  properties,  rotating  polarized  light  to  the 
right  or  IvH^and  were  therefore  originally  designated  as  d-  (dextro-)  and  /-  (bevo-)  reepec- 
tivoly.  Au  inactive  (i-)  form  consitrts  in  an  ettual  mixture  of  the  two  others;  at  prt^ont, 
however,  the  d-  may  signifj'  u  chcmicul  relation  to  dextrose :  ihuB  k-vulose,  which  ifi  onlinary 
fruit  sugar  and  roiuKf*  iHilnrizcil  light  to  the  left,  in  called  </-  fructose,  on  account  of  it*  deriva- 
tion from  dextrobc.  \\  hen.-  tht-  OH  griiup  is  attached  on  the  right  it  may  be  ind)<^tcd  by 
the  sign  +,  on  the  left  by  — ,  or  the  +  OH  may  lie  written  below,  ihe  —  OH  above. 


Hroll 

oncM* 

onrii 

HrtMl 

OIKU 

IK'OH 

COOH 

COOH 

COOH 

CHO 

HCOH 

OHCH 

HCOH 

HCOM 

CH,OH 


CHO 

^^  H     H  OH  H 

/NT      orCH,OHC      C     C    V   CHO 
^X  ^^"  ^^  HOH 

CH.OH 


Vot-  I Stf 
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The  triose  called  glycerose  has  already  been  described. 

A  tetrose  nailed  ert/fkrosCf  which  is  the  aldoee  of  erythrite,  C4H6(OH)^,  a 
tetratoniii^  nlonlioS,  is  knowu. 

Of  tliu  |W)ssibk  pfutoses,  arabinose,  Tijlosr,  and  rhamnosc  (methyl-arabinose) 
occur  in  the  vegetable  kingdoms)  in  cuiitiiderable  quantity.  They  may  be 
absorlietl  by  i\\v  intostinal  citnMh'  IVutoHci>  are  found  in  the  urine  in  rare 
casos.^  Sotiic  nurlfins,  ospcolidly  those  of  the  pancreas  and  thymus,  yield 
j>entose8  on  dectjm^Kisitiun.  Subcutaneous  injfHition  of  nrabinose,  xylose,  and 
rhuuinosc  r<'siilt«  in  tlieir  cxcn.'tioti  In  tlif  extent  of  more  than  50  per  cent. 
in  the  uriuo.*     The  rest  may  be  burned. 

HexoseB,  or  Glucoses. — Tiirough  the  oxidation  of  hexatomic  alcohols 
there  may  Ik;  obtjiined,  first,  gUuifistsi,  ttien  monocarbontc  acids,  and  lastly 
sacciiaric  acid,  or  its  isomer  raiieic  acid : 


CJT,(<^H),CH,<JH. 

MAnnlte. 


cyi,(OHXCHo. 

Munnofie 
(fiuU  luvuluflti). 

C,He(OH).(COOH),. 

Saccharic  ucid. 


C3H/OH)aCOOH. 

Uaaooale  add* 


Manjiose  and  lerult^e  are  rosixx-tively  the  aldose  and  ketosc  of  mannite^ 
fffdcusfose  is  the  aldc»se  of  <ln]eite,  wlierejis  glncvs*'.  is  pnibahly  the  aldose  of 
Sorbite — dulcite  and  sorbite  being,  like  mannite,  bexat4)mic  alcohols. 

Properties. — (1)  The  liexi>sea  are  converted  into  their  resjiective  alcohols  on 
reduetioQ  with  s<idiuui  amalgam. 

(2)  The  hexoses  act  as  reducing  agents,  converting  alkaline  solutions  of 
cuju'ijus  oxide  salts  (obtained  thnMi;j;h  presence  of  tartrate)  into  red  eupntus 
oxide,  which  precipitates  out  (Trominer's  test).  LevuUc  acid  is  among  the 
products  formed  (see  p.  538).  Of  ihe  higher  siicehuridcij  only  maltose  and 
milk-sugar  give  thi.s  reiietion. 

(5)  Stmngly  chai-acteristic  are  tiie  i[i:?<>luble  crystalline  compounds  formed 
by  all  glycoses  with  phenylhydrazin,  calleil  osazonrs  (see  p.  634) : 

C,H„0,  +  2II,N.NH(CeH.)  -  C,H,A{:^.NII.C.H.),  4-  2H,0  +  H,. 

Levulose.  PhPDythyrjraxlo.  (ilyci>«&zoDe. 

Tjevulose,  dextrose,  ami   mannose  give  the  wuiic  glycosazone.      The   gly(»s- 
azoncs  are  decom|M)stxl  into  ustjue-s  by  fuming  liydrochloric  acid: 

C,H,„0,(:X.NH.C,H,),  +  2H,0   =  C.H,„0.  +  2H,N.NH.CeH,. 

(llycoeane. 
Osones   are   converted    into    sugar    by   nascent    hydrogen.      The   osone   de- 
rived from  levulose,  dextrose,  and  mannose  yields  Icvulose  by  this  treatment, 
and  the  transformation  of  dextrose  and  mannose  into  levulose  is  therefore 
demonstrated. 

»  WeUke :  Zeiitchri/t  fur  pkynoloffitcht  Chanie,  1895,  Bd.  20,  S.  489. 
»  Salkowski  :  Ztitachri/t  fiir  phytndo^he  Chrmie,  1899,  Bd.  27,  8.  507. 
«  Voit.  F. :  DeutMchet  Archiv /ur  kUnUeKe  J/«/mn,  Bd.  68,  a  523. 
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(4)  Only  trioBes,  hexoses,  and  noiiosea  are  onpnhle  of  nlcoholic  fermenta- 
tion. 

StfnihdfiA  of  the  Gfut'o^es. —  F(mnose  (sco  p.  533)  may  he  piirifird  l)y  moans  of 
plienylfiyiini/.ijt  asalxivc,  HI  tluit  pun'  /-fnictoso  is  olttninci]  ;  (iii.s  trt'atc<l  with 
»i4Klitim  amalpnni  yields  /-niannite,  wliioli  on  oxidation  iscnnveiiod  into  t-man- 
nuuif  a<'ul  ;  this  last  is  (<ej»a rated  liy  a  strvrhnin  salt  into  itt*  two  e()ni|Mment«  ; 
(lie r/-niaiinonie acid  isdiviih.d  ami  une  part  treated  with  Iiydrojjen,  with  result- 
ing f/-niunnotie,  whi(*h,  a«  has  been  shown  above,  is  convertible  into  f/-frtirtos€ 
or  t^rtiinary  fruit-sugar;  the  mxxmwI  part  of  (he  f/-maiiiu>ni(;  acid  tn*ated  with 
ehiiioliu  i.s  tnnisfbrrncil  through  change  in  contigiinaion  into  its  isomer, 
J-f^hjconic  acid,  which  ou  reduction  yields  r/-gluc4ise^  or  ordinary  dextroee. 
Thi??  shows  the  preparation  of  ihe  cornuion  sugarH  from  their  clenienis.  The 
trans(nrnuUion  of  levulose  into  dextr(^)se  is  especially  to  be  noted,  since  it  takes 
phuT  in  the  Iw^ly. 

H     H     OH  H 

t/-aiuoo8e,  DextaroB©,  Grape-suarar.  CHjOH  C     V     C     C    CHO. — 

UJIOHH  OH 
This  is  tlie  sugar  of  the  Ixxly.  It  is  found  lu  the  MimmI  atul  uther  Hnids  and  in 
the  tissues  to  the  extent  of  O.I  jut  crrit.  iind  mhjjv,  (*veii  during  starvation.  The 
princi|ial  source  of  the  dextrose  of  the  bhxjd  is  that  derived  from  the  digestion 
of  starch,  and  also  i^f  canosui^ar,  in  the  intestinal  tmct.  Dextn)se  is  likewise  pro- 
duce*] from  protcid,  for  a  tiial>etie  patient  frd  S(_flely  on  proteid  niav  still  excrete 
sugar  iu  the  urine.  Minkowski*  iinds  tfiat  in  starving  dogs  after  extirpation 
of  tlic  jMinereas  the  pn)|)ortii>n  of  sugar  to  nitrtjgen  is  2.8  : 1.  The  same  ratio 
has  been  shown  to  exist  in  pldorhi/.in  diahct^'s  in  fasting  rabbits'  an<l  goats' 
when  thedrug  is  frrcpimtly  adniinistered.  After  frequent  *losjige  of  plil(>rhi/ir» 
to  fasting,  meat-fed,  or  gclatin-fcd  dogs,  the  ratio  dextroi**^ :  nitmgen  appnjxi- 
mate8  3.75  : 1.  Since  1  gram  of  N  in  the  nrine  corrrs[ninds(neglectii»g  the  fa'cal 
X)  tO"6.25gmms  of  pniterd  dcstmyt'd,  therefon-,  ^j.T.'i  grams  ul  sugiir  must 
have  arisen  fr*:>m  *i.25  grams  of  pniteid  (including  gelatin).  In  other  words, 
there  has  bei-n  a  [inHJiietinn  i'ruut  tlie  pruteid  n»o]cculc  of  *)<)  per  cent, 
of  dextrose,  wlncli  contains  nearly  *i<>  per  cent,  of  the  physiologically  avail- 
able energy  of  the  proteid  consumed.*  A  similar  large  excretion  of  dextrose 
has  btM'ii  notf'd  in  iiases  i>f  lonuan  fffftbctcn  meUilnnJ' 

In  pantriMs  -liahetes  the  |mncreas  may  |>erhapB  manufacture  a  termcnt 
which,  supi^li.  ■!  tr«im  the  lymph  of  the  pancn^as"  to  the  tissues,  becomes  the 
first  cause  of  the  decom|K)sition  of  dextrose,  and  in  whose  alisonce  dialietea 
ensues.  Excess  of  dextr<.»se  in  the  Ixxly  is  stored  up,  especially  in  the  liver- 
oells,  as  ^^/ycoycn,  which  is  the  anhydride  of  dextrose;  the  glycogen  may  be 
afterwartls  reconverted  into  dextrose.  The  presetiw  of  sugar  in  the  body  in 
starvation,  even  when  little  urea  may  be  detecte<l  there,  shows  the  readier  excre^ 

'  AnrJiir/iir  Etprr.  PiUholnt/ir  umi  PknrmiikiAaqir,  1M9H,  Bd.  31,  S.  So, 

*  Ijwk  :  ZrttM-hnjt /Ttr  Jiintv/tf,  18^8,  Btl.  M,  S.  82.  »  Lmk:  Unpublished. 
•R^illy,  Nolan,  iind  Lusk  :   Amrrifttn  Junrttai  of  Ph^Miottuftf,  1898,  toI.  i.  p.  395. 

*  Uniupf :   lirrUiwr  klinisrkrr  WttrhmM-hrifU  1R9H.  HH.  24.  Heft  43. 

*  Biedl :  Ontralbatt  fk  Fkytdotogie,  1899.  Bd.  12.  S.  624. 
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tion  of  the  nitrogenous  radical  of  pnjtcid.  Traces  of  dextrofie  are  found  in 
normal  urine. 

Dpxtrose  is  n  swoot-tasdng  crystalline  snbstanoe;  its  solutions  rotate  polar- 
ized lij^lit  to  tlie  right. 

Jecorin,  a  substance  tuund  in  the  liver  and  the  blood,  yields  dextrose  on 
decomposition.     It  ijs  «u(I  to  be  a  glycoge-lecithin.' 

Olucosamint  Cgllni^flNH^. — This  is  yielded  as  a  decomposition  proilnct 
of  some proteids.  Epj^  albumin,  for  example,  yields  8  percent,  of  gluwj- 
samin.     It  reduces  copper  solutions,  ami  has  iHtn  mistaken  for  dextrose. 

H    H    OH 

rf-Pructose.  Levulose.  Fruit-sugrar,  f'HjOH  C     C     C    C(X'H,OH.— 

OHOHH 

This  occurs  in  many  fruits  and  in  honey.  It  is  sweeter  than  dextrose,  and 
rotates  polarized  light  to  the  left.  It  is  a  product  of  the  decomposition  of 
cane-stigar  in  the  intestinal  ranal.  If  lovtilose  Ih*  fe<l,  any  excess  in  the  blood 
may  l>e  converte<l  into  glywigtju,  and  through  the  glycogen  into  dextrose.  It 
is  posjiiltle  tlius  to  convert  50  f>er  cent,  of  the  levulose  fed  into  dextrose.' 
When  levulose  is  fed  to  a  diabetic  patient,  it  may  be  burned,  though  power  to 
burn  dextro:9e  has  been  lost/ 

H    OHOIIH 
tf-aalactoee,  CH/)H  C     C      C      C     CHO.— This  is  found  combined 

OHH    H    OH 

■with  proteid  in  the  brain,  forming  the  glucoside  cerebrin.     It  is  produced 

togt'thiT  wirli  dcxtruN:;  in  the  hydrolytii:  diti)nj}>osiLion  i>f  milk-sugar.  It  does 
nut  uiidurgu  alcoholic  lermeutation,  at  least  not  with  tSacchuromyces  apiculattm. 
When  fed  it  may  in  part  be  directly  burned  or  in  part  converted  into 
glycogen. 

Thk  Disaocharides,  C,jH^O„. 

These  are  di-muUiple  sugars  in  ether-like  cx)mbinafit>n.  To  cane-sugar  and 
tnilk-«agar,  Fisher  Jias  ascribed  the  Ibllowing  foriuuhe  :  * 


CA2fE>«U0A.R. 
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Cane-sugar,  or  Saccharose. — Cane-sugar,  obtained  from  the  sugar-cane 
and  tl»e  beet-ixxjt,  is  largely  uM-tl  to  flavor  tlic  food,  and  likewise  assumes 
importance  as  a  food-stuff.  On  boiling  with  dilute  acids,  cane-sugar  is  con- 
verted through  hydrolysis  into  a  mixture  of  levulose  and  dextrose.     The  same 

*  Binp:  OntralbUtU  fur  PhyvxGlwfit,  1898,  Bd.  12,  S.  209. 

'  Minkowski :  .4rcftii'  fir  Pntholoyie  wid  PhttrmnkoloyU,  1893,  Bd.  31,  S.  167. 

■  Lac  cit.  *  Beriehic  der  deuUchm  chcntucUn  OeaeiUehaftj  1894,  Bd.  26,  8.  2400. 
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rcBult  is  obtained  l)v  wiirniing  with  0.05  to  0.2  per  cent,  hydrochloric  acid  at 
the  tcmiH'nitiire  of  the  hody.*  This  inversion,  tlierefore,  takes  place  in  the 
8t4»inuc1i.  In  thf  iiitcHtinal  riinid  tlir  invcrrtioii  is  acctUHplislicd  ihrtnijt^li  the 
action  of  a  ferment  [trcsent  in  tlio  intestinal  juice.  Subciitanrous  injection 
of  cane-sugar  results  in  its  quantitative  excretion  through  the  urine  ;*  but 
fed  l^er  osy  canc-siifj:ir  is  converted  into  dextrose  and  levulose,  which  may  be 
burned  in  the  body. 

MUk-8ugrar.  or  Lactose. — Tliin  is  found  in  the  milk  and  in  the  amniotic 
fluid.  It  is  prolmbly  manufactured  from  dextnisc  in  the  nianiniary  glands, 
for  the  1)Uxm1  dot's  not.  contain  it,  Tt  is  nhvays  jiresent  in  the  urine  during 
the  first  days  id'  hictaticuu  but  is  not  found  llu/re  nutr-purfum^  It  readily 
undergoes  lactic  fermentation,  prmhicing  lactic  acid,  which  then  causes  clottitJg 
of  the  milk.  This  fiTmentntion  may  take  place  in  the  Inti»stinal  tract.  B<_)iling 
M'ithdilutj^  acids  splits  up  milk-sugar  into  galactose  and  ilcxtHHc.  This  decom- 
position probably  ihwa  not  t^ike  place  in  the  stomach.  Tlie  intestinal  juice 
causes  tlii.s  transformation,  especially  in  nucklin^  animals/  nnd  Inctase  of  the 
pancreatic  juice  will  alsii  split  milk-sugar.*  Milk-sug:ir  injerted  suljcutane- 
ou.sly  in  man  is  rpianlitatively  eliminated  thronjrh  the  kidney.*  Tt  nnist, 
therefore,  uinlergi*  inversion  in  the  intestine  into  galactose  and  dextrose 
before  it  can  be  burned. 

iBonialtose. — This  is  the  only  disaeeharide  which  has  been  synthetically 
obtained,  having  been  produced  by  boiling  dextrose  with  hydroi-hloric  acid. 
It  ferments  with  difficulty  and  fortns  an  asazoiie  which  melts  at  150°-163**, 
It,  with  dextrin,  is  a  priMluct  of  the  action  of  diastase  and  of  the  diastatic 
en3i}*nies  found  in  saliva,  |Kincre!itic  juice,  intestinal  juice,  and  blood  upon 
starch  and  glycogen.  Tljrough  further  action  of  the  same  ferments  isomaltohe 
is  converted  into  maltase. 

Maltose. — Maltose  (and  dextrin)  are  the  end-protlucts  of  the  action  of 
diastase  on  starch  anil  glynigen,  the  pnK«s8  l>eiug  one  of  hydrolysis: 

3C,H,A  f  U,0  =  C„H„0,.  +  C.H.A- 

Mttltuw.  iK'xtriu. 

It  is  likewise  a  product  of  the  dia.«tatic  action  of  ptyalin  (saliva),  amylo{)siD 
(pancreatic  juice),  ami  of  fernicnts  in  the  intestinal  juice  and  in  the  blood. 
Maltose  rea4lily  undergoes  ah'oholic  fermentation  and  forms  an  osazone  which 
melts  at  206°.  It  is  converted  into  dextrose  by  boiling  with  acids.  Certain 
ferments  convert  maltose  (and  dextrin)  into  dextrose  (see  Starch). 


Cellulose  Group,  (0^11,503)0. 

Cellolose. — Tliis  i*  a  highly  polyiueriwd  anhydride  of  dvxtroee.  pt«rlin|)0  also  of  raan- 
nose.     Jt  furmti  the  cell-wnU  in  the  plimL     It  undergoes  putrefactiun  in  the  int<w(iital 

'  Ferris  and  Lmtk  :  Anvrimu  Joumai  of  Pinftiology^  18fl8,  vol.  1,  p.  277. 
«  Voit,  F. :  }>rttiMrh€>i  ArrJtir/ur  kiiniMhe  Mtduin,  1897.  Bd.  58.  S.  528. 

•  Lemaire:  Zritjtrhri/t  fUr  phynoloyueKe  Ckemu,  ISlHi,   Bd.  10,  8.  442. 

*  Weinlund  :  Zeiltchri/i  /Or  Biologic,  1890,  fid.  38,  8.  16. 


» ihiii,,  1899.  Bd.  38,  a  eo:. 


*  Voit,  F. :  Loo.  mi. 
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canalf  espedallyin  herbivora  (sec  p.  532),  and  owint;  to  the  production  of  fatty  acids  it  may 
havt'  value  us  a  tboii.  In  man  only  yuunir  and  iLnnUr  oellnloso  is  dipcflted,  such  as  owure 
in  Icttuw  ami  it'lvry.  The  bulk  qC  lK'rbivon)iJs  fetial  luailtT  ounainte  of  cellulose.  Celltdutse 
is  only  with  diffitully  aHiu-ked  by  acids  and  alkalies.  TuTiieiiu  found  uiuoniK  the  (unicatcs, 
ia  idontieal  with  oeUnlosts  so  tliut  the  siibstani-V  is  not  sulely  i-hanK'toriatic  of  the  vojt*oiflWe 
kingdom. 

Starch,  (CgHjoO,,).^,. — This  stibwtant*  on  boiling  witli  dilute  acids  breaks 
down  by  hydrulysis  prim-tpully  to  doxlrtise.  It  is  found  in  plants,  and 
may  l>e  nmnufafturfd  by  tltcm  from  eano-sun^ar,  dextrose,  levulose,  and  from 
other  sugars.  Jt  furnis  a  reserve  focMl-stuH'  hvm^  converted  in(o  sug:ir  as  the 
plant  requires  it — in  winter,  for  examjjle.  Starch  gives  a  blue  w>Ior  with 
iodine.  According  to  recent  investigations'  starch  is  sjud  to  be  broken  up  by 
diastase  inl4i  iive  successive  hydndytic  cleavage-procbiets as  follows:  (1)  Awif^fh- 
dexinn  (Ci2H.j„0,(,)j^,  a  substanoe  giving  a  deep-blue  color  with  iodine.  This 
18  next  changes]  to  (2)  Erifihrn^hwirm^  {^'iJT»>0|,>)|^i  +  ^^/^j  or  <r',jITy,0,„)j., 
(CijUjjOj,),  wiiicli  is  i-ejidily  soluble  in  water  and  gives  with  iocline  a  i*eddish- 
brown  color.  Erythro<lexlrin  is  couverteil  into  (3)  Adiroodextrin,  {^a^sflta)^ 
4-  Hi^K  *^^  {^\-J^^f^uXv^-\2^'^-zi^\i^  which  is  likewise  very  s(dnble,  ta*^tes  slightly 
eweet,  but  gives  no  coloration  with  iodine.  AebrcMKlextrin  now  breaks  up 
into  (4)  I/iomaitoMt\  which  through  change  in  configuration  is  transformed  to  ltd 
isornere  (*"))  MnlioHe, 

Pr(Hhu*ts  siiiiilnr  to  these  arc  forme*!  by  the  various  diastatte  fernienb*  in 
the  IkxIv,  and  in  :uklition  also  some  dextrose.  Ptyalin^  acts  rapidly  ou  starch, 
producing  dextrin  and  maltose,  but  very  little  dextrose.  AmylopsiUj  from  the 
pancreas*  acts  still  more  rapidly  than  ptyulin,  and  with  the  pHxiiiction  of  con- 
siderable dextrose.  The  diastatic  ferment  of  intestinal  juiLV  acts  very  slowly 
on  starch,  forming  dextrin,  maltose,  and  a  little  destro.se,  while  the  ferment  in 
blood-scrum  likewise  acts  slowly  but  with  complete  transformation  of  all  the 
maltose  and  dextrin   formed,  into  dextrose. 

The  above  fiM'ts  lead  F^anihiirpcr  to  suggest  that  the  diastatic  ferments  of  the  body 
consist  of  mixturi's,  in  difTenTit  proportions,  of  diustaso,  whirli  iorms  <lextrin  and  maltose 
from  standi,  and  of  ^.'!uc:ise,  which  coumtIs  thi'SL'  into  dcxlrosf.;.  This,  however,  is  merely 
an  hypothesis,  mid  ^duni^'  has  novtT  hLcn  i>rcf»ared.  The  vegetable  dinslase  ia  not  iden- 
tical with  that  found  in  the  body.  'I'Iimh  pnalin,  like  eniulsin,  breaks  np  wilicin  into  sali- 
cylic alcohol  and  dextroses,  of  wliiedi  aetion  vegetable  diastase  is  incapable.  But  ptyalin. 
again,  is  not  identical  with  eniulsin,  for  it  will  not  art  on  uniyudalin. 

The  sulx'ut^iiieous  ii^jurti<Hi  oi' >Hdutiu)!H  of  aclinittduxtnn,  erythrodextrin,  and  aniylo- 
dexlrin  results  in  their  partial  fliniinatlun  in  the  urine,  the  rest  beint;  burned.' 

Glycogen,  or  Animal  Starch. — Recent  investigationH  have  shown  that  in 
all  the  p:irticulars  of  diitstattc  dcvoni|>osition  glyctigen  is  idi-ulicid  with  vege- 
table starch.*  Glycogen  is  .soluble  in  water,  giving  an  opalescent  fluid.  The 
blood  has  a  normal  Cfjruj)Ositi<»n  which  d(KS  not  grejitly  vary.  After  a  hearty 
meal  excess  of  fat  is  de|K>sited  lu  fatty  tissue,  excess  uf  proteid  in  the  muscular 

>  tiDtner  und  Dfill :  BerithU  iter  de^fKKmehemivchm  GswUfcAa//,  1893,  Bd.  26,  S.  2533. 

*  See  Hamburger:  !*fiiitjfr'8  Airhiv,  1895,  Bd.  60,  6.  673. 

*  Voil,  ¥. :   lJni(«chr4  Anhivjiir  kUnUcht  Mettizin,  lid.  43,  a  523. 

*  Kuh  and  Vogel :  ZeUtchifi  Jiir  Biotofjit,  181*5,  Bd.  31,  S.  108. 
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tis.sue,  while  exoess  of  sugar  is  stored  iu  the  musclea  ami  t'spiH.'ially  in  iht.*  liver- 
cells  in  the  less  conibusftible  and  less  diflfiKsihle  form  of  glycogen.  Alwut  one- 
half  of  the  total  <|iiiinfity  of  glycogen  in  found  in  tho  muscles,  the  remainder 
in  the  liver,  wlii^n^  it  may  even  amount  to  40  per  c«mt.  of  the  dry  solids. 
When  the  blood  beeomej*  poor  in  sugar,  tJ)e  store  of  glycogen  \b  drawu  upon  to 
BUeh  an  extent  that  in  hunger  the  bo<ly  loses  the  larger  part  of  its  glyeogen. 
Must-nlar  worti  likewisi*  causes  the  nipid  conversion  of  glyecigen  into  sugar. 
Tlie  wuircL's  of  glycogen  are  certain  ingested  carbohydrate?!,  and  also  the 
dextroee  derive<l  from  proteid.  If  large  quantities  of  proteid  be  fed, 
glycogen  may  be  store<l.  If  dextrose,  levulose,  or  galaetose  (or  anything 
which  prtidui-es  these,  c.  g»  eane-sugar,  nmltost*,  milk-sugar)  l>e  fetl,  there 
may  be  a  direct  conversion  of  thtse  sugars  into  glycogen.  Cremer  nmintxtius 
that  the  |)ent<>sn-'s  are  bununl  in  the  ImmIv,  but  an.'  i»n]y  indirectly  glyeogen- 
pRMlucers  in  tlie  sense  <if  sparing  other  sugjir  from  destruction,  which  may 
be  uficd  to  form  glycogen. 

Dextrins.— Tliese  have  been  described  under  starch. 

II     II     OH  11 

rf-Qlucuronic  Acid,  or  Qlycuronic  Acid,  MCMJC  V     0     C     V    C  HO. 

OHOHH  OH 
— Obtained  by  reducing  (i-saecharic  acid  with  nascent  hytirugen.  After  feed- 
ing chloral  hydrate,  naphtlialin,  camphor,  terp4;ntinc,  phenol,  ortho-nitrotoluol, 
and  other  ImmHcs,  they  appear  in  tlie  uriiu;  (usually  having  been  !ir?>t  convrrttd 
into  alcohol)  iu  eonibiuatiou  with  glycnntnie  acid.  I  r<H'hloralic  acid,  iiaplithol- 
glycuronic  acid,  campho-glycuroulc  add,  ler|)ene-glycuronic  acid,  ctt*.,  nil  rotate 
polurizcfl  light  to  the  letL  It  seems  that  these  ingestetl  suhstiUK-es  unite  in  the 
iKxly  with  the  ahlchyde  group  of  dextrose,  at  the  same  time  protecting  all  but 
one  group  of  the  dextn^tse  m(>l(*eule  from  further  oxidation  (Fischer),  Glycu- 
ronic  acid,  which  is  easily  sefmratwl  by  hydrolysis  from  its  aromatic  crjmbina- 
tion,  itself  rotntes  [xilari/c*]  ligiit  to  the  right,  rtMhiees  alkaline  eopper  solutions, 
and  might  l»e  conf*>uinJed  with  dextrose  exwju  that  it  does  not  ferment  with 
yeast,  Glycuronic  acid  is  likewise  found  in  the  urine  after  a<lrninistration  of 
curare,  morphine,  and  after  <'ldorofonn-nareoeis,  perhaps  paired  with  aromatic 
iNKlii*^  formed   iu   the  orgmu/^uittu. 

Combustion  in  the  Cell  in  Gknerau — Experiments'  show  that  taking 
the  proteid  de<x>m|>«jsition  in  the  starving  dog  as  1,  it  is  necessary  to  fee^l  three 
to  four  times  that  amount  of  proteid  tjdccu  ahme  in  onicr  to  attain  niti"ogenoiia 
equilibrium,  1.6  to  2.1  times  that  amount  of  proteid  when  fed  widi  fat,  and  I  to 
1.2  times  that  amount  when  fid  with  esirbohydnitcs.  The  physiolngiral  pn>teid 
minimum  is  in  these  eases  never  less  than  the  amount  require<l  in  starvation. 
Only  after  feetling  gelatin  with  proteid  may  the  proteid  fetl  be  below  the 
amount  dee<tmp<»sed  in  starvation.  The  above  shows  what  is  well  kn(>wn,  that 
sugar  spares  proteid  from  decomposition  more  than  fat  does.     E.  Voit'  states 

*  E.  Voit  and  Korknnofr:  Zeitachrifl  fir  Bioloffu^  1895,  Bd.  32,  8.  117. 
*Op.eiL,S.  128uim1  135. 
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these  two  propositions:  (1)  The  part  played  by  these  several  food-stuflfe  in  the 
total  metabolism  dejxjnds  on  the  composition  of  the  fluid  feeding  the  cell. 
The  grt^tor  (he  anmiint  of  one  (tf  tliist*  fnotl-stiiflH,  the  greater  ili>  decompo- 
sition and  the  less  the  deeoinposiliun  of  the  ulhers,  so  Kuig  as  the  total  decom- 
position suffers  no  change.  (2)  The  several  food-stuffs  do  not  act  wholly  on 
account  of  their  (jnantity  in  the  fluici  surroumlirjgthe  foll,  but  especially  accord- 
ing to  the  I'heniiual  aftinlty  yyi^  (he  cell-substance  fur  them  individually.  First 
in  this  regard  comes  pn»teid,  then  cnrbrthydrate?!,  and  lastly  fat. 

The  exceasive  protoid  decfimp^DsItioTi  in  dialietes  is  Hue  to  the  non-combus- 
tion of  the  prtjtcitl  pnitccting  sujj^irs/  and  the  same  is  in  part  true  in  fever, 
where  a  pmall  supply  of  carbohydrates  reaches  the  blooJ.^  Dextrose  and 
levulose  weight  for  weight  have  equal  value  in  pivtecting  protcid  metabolism.' 

For  further  discussion  of  carbofiydrate^  in  the  body  see  under  the  indi- 
vidual sug:ir8,  and  under  Fat  in  the  BlkIv. 


Benzol  Derivatives  or  Aromatic  Compounds. 
The  aromatic  conijxiunds  are  characterized  by  a  c<jnfiguration  in  which  six 
atoms  of  car)x)n  are  linked  together  in  a  circle  called  the  benzol  ring.     The 
type  of  this  is  benzol,  a  hydrocarbon  found  in  coal-tar  and  having  the  formula, 

11 
C 


H— C         C— H 

n         I 


1 


2 


H-C  C— H 

\  //  ^\y- 

C  4 

H 

The  hydrogen  atoms  nmy  be  snhstitutcil  by  others,  substitution  of  one  OH 
groups  for  example,  forming  phenol,  C^Hg — OH.  If,  however,  two  OH 
groups  are  substituted,  three  different  bodies,  coiresponding  to  the  different 
arrangements  on  the  ring,  l>eeomc  pf>ssible.  If  the  two  OH  groujjs  ocaipy 
the  positions  1  and  2  tlie  substance  is  or//io-dioxybenzol ;  if  1  and  3,  m«/a- 
dioxybeuzol ;  and  if  1  and  4,  7>ora-dioxy benzol. 

It  is  possible  to  convert  bfjdies  of  the  fatty  series  into  those  of  the  aro- 
matic. Acetylene  passnd  thrnnirli  nxl-lmt  (ubrs  vields  benzol.  On  the  other 
hand,  aromatic  IkkIIcs  may  Ih*  ct^nvt'iit'd  into  those  of  th(?  fatty  series.  If 
phenol  in  aqueous  solution  be  siibjectetl  to  electrolysis  by  an  alternating  cur- 
rent under  which  circnnislances  hydrogen  and  oxygen  are  alternately  liberated 
on  the  Ml  me  jM^ie,  the  effect  of  this  intermittent  oxidation  and  reduction  is  to 
break  up  the  phenol  into  caproic  acid,  and  tiually^  afVer  passing  through  acids 
of  lower  carbon  contoniri,  into  carbonic  ari*]  and  water. 

The   aromatic   compoumls    found    in  the    urine  are    normally  exclusively 


'  Luflk  :  Zeitfichri/t  nir  Biolo^e,  1890,  B<1.  27,  S.  459.  '  Ma.T:  Jind.,  1894,  Bd.30,  a  1. 

'  De  Rtnti  iind  Reali«:  ViL  Cungitiajur  xnnert  Mfdinnj  1H96. 


THE  VIJEMJSTRY  OF  THK  ANIMAL   BODY. 


569 


derived  from  the  prodiitits  of  prok'iJ   |iutrL*faftion   in  tliu   intestinps.     It   is 
admitted  that  neither  fats  nor  airl>t>])ydmtf«  play  any  part  in  their  formation. 

Benzol,  ('«Ha.— Thin  b<wjy  if  fed  is  alworlvd  and  nitcrwanl  converted  into  oxybenKol 
or  phenol,  with  suhscfiuont  iK-havior  siiuilar  to  phviiol. 

Phenol  (Carbolic  Acid,  Ozybenzol.  Phenyl-hydroxide),  CgHjOH. — 
This  is  an  aromatic  alcohol.  A  5  per  cent,  soliitiou  j»rcs:ipitates  proteid,  and  a 
miuh  wcjikor  sf»Iiiti(>n  priKliiccs  irritjitifm  of  the  tissiirs,  and  ospi'iallv  those 
of  the  kidney,  ^vhere  its  excivtion  takos  place.  It  is  strange  that  a  stronj^ 
anti^ptic  like  j)hcnol  should  he  a  normal  pro<luot  of  proteid  ptitrefactiou. 
Phenol  ifl  ohtainahle  from  tyrosin,  by  processes  of  cleavage  and  oxidation  (.^ee 
Tyrosiu),  and  in  (he  inte^dmil  oaiud  is  [trobahly  derivwl  fnmi  lyrosin.  A 
small  amount  of  the  phenyl!  onlinarily  absorlMxl  is  converted  by  the  organism 
into  pyrocatechin,  a  dioxylienzol.  These  two  substances  arc  fouml  in  normal 
urine  in  ethen*al  combination  with  sulphuric  acid,  C^H^O.SOj.OH  Cor  as  an 
alkaline  ethereal  .sulphate).  This  synthesis,  atvompli^lied  by  the  iinion  of  the 
phenol  and  sulphuric  acid  with  loss  of  water,  lias  been  obtaine<i  by  electrolysis, 
using  alternating  tiJH'tric  currents.'  Tf  |dienol  be  a4lministcn*tl  in  iiiDrtMhan 
a  very  small  amount,  liydrwjuinone  likewise  a[)|jears  in  the  urine,  jmiixHl  like 
the  others  with  stdphurie  acid,  and  sliould  the  phenol  administered  exceed  at 
any  time  tlie  available  sulphate,  it  forms  to  a  certain  extent  a  synthesis  with 
l^lycuronic  acid,  and  so  combineii  appears  in  the  urine. 

Phenol  pives  with  Millon's  rtMi.ut^iit  (mercuric  nitrate  in  nitric  acid  with  some  nitrous 
arid)  a  hrilliiint  red  t-oJoration.  TIiik  \^  given  hynll  hodics  hftving  an  hydroxyl  proiip  on  the 
bonx'il  rini:,  nl'  which  substance  lyrosin  may  be  mentioned  aa  an  example.  It  \»  likewiite 
^ven  by  jiroteid,  hluwly  in  the  cold,  more  rapidly  on  warming,  and  this  fact  together 
with  the  cleavage  putreractive  prfxlucLH  hiw  Riven  foundation  to  the  Ittdief  that  the  oxy- 
l»enzol  rinK  exists  pretornied  in  tin*  proteid  iiioliM'ule. 

Pyrocatechin,  (-gH/OH),. — This  is  ortho-dioxybenzol.  For  its  forma- 
tion hce  under  Phenol, 

Hydroquinone,  ('^II,{OH)j. — Para-dioxy benzol.  Found  in  the  urine 
e*>|)ecia|]v  in  cases  of  carbolic-acid  poi^^ning  (sec  Phenol).  If  such  urine  be 
Hhaken  in  the  air,  it  Ls  turueil  black,  owing  to  the  oxidation  of  hydroquiuone 

to  quinone,  C^H/    |  . 
^() 

7>-Creeol,  C'^H^.t  )Ii.(_ 'H,. — This  is  a  pnKluct  of  intestinal  putrefaction,  and  Is 
deri  vetl  from  tyrosin  (which  see).     It  is  found  in  the  urine  its  an  ethereal  sulphate. 

Benzoic  Acid,  C^jH/'OOH. — Salts  of  this  acid  and  analogous  iKxlies 
are  found  es|Mx*ially  in  ]ilants.  In  the  urine  of  herbivora  therefore  is  found  a 
amsidcrable  aun>unt  of  hlppurh  acidj  COOH.CHj.NH.CO.CjHj,  the  com- 
bination of  lienz4)ic  acid  an<l  jjlycocoll  (see  Glycocoll,  p.  5^7).  On  fowling 
pheuiil-aceiic  arid,  L\Ut,rU,riHm,  pb<na(Wiric  acid.  C'(K)n.(;Hj.NH.- 
CX3.Clij.(\Hj,  a]>pe«rs  in  the  urine,  while  the  higher  benzyl  acids,  such  as 
pheny ('propionic  acid,  suffer  the  oxidation  of  the  side  chain  in  the  Ixxly,  and 

'  Drecbsel  :  Jounutl/Sr  ptaktien'he  Vhemit,  Ikl.  'Jl»,  p.  'J21> ;  ntintr.  J>ih\r*hcr\chl  ubtr  TkirrthfinU^ 
1884,  8.  77. 
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ordinary  hippiiric  acid  is  formed.  After  eating  apple-iJarings  ami  i>lhor  vege- 
table subHtancos,  liippiuif-  acid  is  fouiul  in  human  urine.  It  is  further  stated 
that  phenyl-awtir  nciil  and  phonvl-propionir  arids  are  normal  ]>riKlucts  of 
prDteid  piitit*fa4'ti(»n,  thoujrh  in  very  small  qtiaulilii's  ;  bippuric  acid  and  phen- 
aoeturic  acid  must  therefore  be  con-ntantly  present  in  traces  in  human  urine. 
Ilippuric  acid  is  .split  into  its  constituents  by  hydrtily^is  through  the  action  of 
the  3Iicrococcuj<  uirrr. 

;)-Oxyphenyl-acetic  Acid,  CflH^.OH.CHjCOOH. — Tins  is  a  product  of 
tiie  intestinal  pntreladion  of  protcid  aJid  of  tyrosin  (which  see).  It  ficcurs 
in  the  urine  either  paired  with  snljihuric  acid  or  as  :4u  alkaline  ^alt  of  oxypbenyl- 
acetic  acith' 

y>-Hydrocumaric  Acid»  C.'gll^.OII.CjII^UOOH. — This  second  oxy-  acid  is 
likewise  derived  from  proteid  and  tyt'osin  (wliiob  see)  pntrefaetion.  Its  tKvur- 
reneo  in  the  urine  is  similar  to  ihc  above  oxy-  acid. 

Tyrosin,  Amido-hydrocumaric  Acid,  p-Oxyphenyl-amido-propionic 
Acid,  ('gIl4(>ir.f\II,NIL( '(  K>IF. — Tyrosin  is  acon^tant  pnxliict  of  tlie  putre- 
faction of  all  protciti  bodies  (except  gelatin),  and  is  therefore  found  in  cheese. 
It  may  be  formed  in  large  quantities  by  boiling  horn-shavings  with  .sul- 
phuric acid.  Iveucin  is  always  iornic*!  whenever  tvrosin  is,  Tyrosin  fiirras 
characteristic  sheaf-shaped  Ijnndles  of  crystals.  All  tlic  aromatic'  bodies  thus 
far  describe*!  have  bei>n  eliialnateil  in  tlin  urine  with  tiicir  benzol  nucleus 
intact.  Tyrosin,  however,  ujay  be  completely  burned  in  the  body.  This 
seems  to  be  because  of  the  presence  of  the  amido-  group  on  the  side  cluiin,  for 
phenyl-amido-propiouic  acid  is  likewise  destroyed.  Tyrosin  is  found  in  the 
urine  in  yellow  atrophy  of  the  liver,  in  phosphorns-jwisoning,  etc,  (see  Leucin, 
p.  540).  Tlu'ouirh  cleavage,  lixidatinn,  or  n^bictinn,  the  fttllowing  reactions 
tiike  place,  phenoi  Iwing  the  final  product.*  The  subMana-s  not  found  iu  intes- 
tinal putrefaction  are  uame<l  in  italics: 

c,H,.oH.L\ii3Nir,cooH     u,  -  c.n.oH.c.nj'oon  t  nh, 

;j-ll>'ilrm'iijuarte  acid. 

C,Ht.i)n.C,H.COOH    =    C.H,.OH.(UIb  +  CO, 

l>-  Efhytjtttenal. 

C.H,.0HX',H4  +  30    =    C«H,  on  CH.COOH  +  H,0 

/(-Oxyplicnyl-apjBtIc  add. 


cji,.oii.cn,cooH 

C,H».OH.CII,   f    HO 
CJlvOH.COOH 


CJI.OII  CH,  +  CO, 
C,H.OII(T)on    f   H,0 

p-O/ybentfjte  arid. 

C,H,OH  -   CO, 

Phenol. 


It  has  never  been  shown  that  tyrosiu  is  a  normal  product  of  ]irotcid  metal}oliBm 
within  the  tissues.  M'itli  leucin  it  is  a  normal  pirwlnct  of  pancreatic  diges- 
tion (see  p.  540). 

Homogentisic  Acid.  Dioxyphenyl-acetic  Acid,  Hydroqainone-acetic  Acid. — 
This  i&  rouii'l  iu  tho  urine  iu  alcuptonuria.     Feeding  tyruMii  in  this  disease  incrouso«  the 

*  liuuiuann:  Zeiiachrijl  fiir  phyniitioyinehe  Chntiir^  1880,  Bd.  10,  S.  125. 

*  BaumanD  :  BcriehU  dcr  datiachen  cheminchm  ii<Kllv.Ha^t,  1879,  Bd.  12,  S.  1450. 
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amount  of  homogentiflic  acid.     It  may  arise  from  the  reduction  and  oxidation  of  tyrosin 
according  to  the  following  reaction:* 

()H  +  II, 

OH/     \       +NH,  +  C0,  +  2H,0 


+  50,= 

OH 

CH,CHNH,0OOH  CH.COOH 

Pyridin.— This  body  has  the  accompanying  formula,  one  of  the  CH  groups  in  benzol 
H 
C 

A, 


HC      CH 

CH 


being  substituted  by  N :       I       Jjl^-     When  pyridin  is  fed,  methyl-pyridin  ammonium 
HC 


Y 


hydroxide,  OH.CH3.NC5H5.  iH  excreted  in  the  urine.'  This  is  another  case,  besides  those 
of  selenium  and  tellurium,  of  methylation  in  the  hotly. 

H      H 

0      C 

HC      C      CH 
Chinolin.— The  accompanying  formula      I       II        I      illustrates  the  compoution 

HC      C      CH 

N      C 
H 
of  this  body.    Several  of  the  methyl-chinolins  bum  readily  in  the  body.* 

Cynorenio  Acid,  CHjN.OII.COOH.— This  is  oxychinolin  carbonic  acid ;  it  is  found 
normally  in  dog's  urine,  being  derived  from  proteid  in  amounts  proportional  to  pruteid 
metabolism.  It  is,  however,  not  derived  from  the  metabolism  of  gelatin,*  a  body  which 
does  not  yield  the  aromatic  chain. 

Indol,  or  Benzopyrol,  CgHyN. — Tiie  source  of  iiidol  is  surely  from 
proteid  putrefaction ;  it  may  also  be  obtained  by  melting  proteid  with  potash. 

H  H 

C  C 

^  \    /\  //\    /\ 

HC         C        CH  HC        C         COH 

I           II          II  I          II          II 

HC        C         CH  HC         C         CH 

^ /\/  ^ /\/ 

C        N  C        N 

H        H  H        H 

Indol.  Indoxyl. 

After  its  absorption  it  receives  an  oxy-  gR>up  just  as  l>oiizo]  does,  and  like 
benzol  pairs  with  sulphuric  aci<l  with  the  loss  of  a  molecule  of  water,  and 
ap))ears  as  etiicrciU  sulphate  in  the  urine.  In  ])reparing  indol  from  feces  the 
fecal  o<lor  clings  to  it.     Pure  indol,  however,  has  no  smell.     An  alcoholic 

>  Enilxlfn:  ZeitKkrift  fur  phytiologisehe  <%emie,  1892,  Bd.  17,  S.  182. 

"  llis :  ArchivfuT  exper.  PtUkologit  und  Pharmalatlwjif,  1887,  IW.  22,  S.  263. 

'  Cohii :  Zeitxhri/t  jfUr  phygioiogixke  Oiemie,  ISH  Bd.  20,  S.  210. 

*  Mendel  and  Jacknon :  American  Journal  0/  Phynotoffy,  1899,  vol.  ii.  p.  1. 
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solution  of  indol  mixed  with  hydrochloric  acid  L-olora  fir-wood  cherry-red. 
U  urine  be  mixed  with  an  oliuuI  volume  of  hydrochloric  acid,  chloroform 
added,  and  then  gradually  an  oxidizing  aj^nt  (chloride  of  lime),  any  indoxyl- 
sulphuric  acid  present  will  be  oxidized  to  indigo-blue,  which  gives  a  blue  color 
to  the  cldoroform  in  which  it  dissolves. 

Sltatol,   or    /9-Methyl    Indol.   CgHjCHjNH.— The    history  of    skatol, 

H 
C 

HC        C         CCH3 

I  II  II       , 

HC        C         CH 

^  /\/ 

C        N 

H        H 

Skatol. 

is  the  same  as  that  of  indol.  Its  source  is  from  proteid  putrefaction  ;  after  ab- 
sorptiim  it  unites  with  an  <»xy-  group,  and  the  Kkatoxyl  thus  ]m>ihic<^  pairs  with 
sulphuric  acid,  and  appears  in  the  urine  as  ethereal  skatoxyl-sulphuric  acid. 

CH, 

Epinephrin.— CgH.        ^  C.CHOHXK).C.H,((>H)2.     The  above  is  the 


\ 


NH 


y 


formula  for  epinephrin,  the  active  principle  of  the  supnirenals,  as  proposed 
by  Abel."  Abel  has  formcil  several  distinct  salts  of  this  pyrrol  biisc  Of 
the  sulphate  of  opinephrinj  only  0.00(X)18  gram  per  kilogram  of  dog  causes 
a  shaqi  rise  in  l>lo<Ml-pre.ssnre. 

Aromatic  Bodies  in  thk  Urine. — There  have  been  named  above  as 
ap]>carinp:  in  normal  human  urine  the  ethereal  sulpliatefiof  phenol,  p-cresol, 
pyn>eatechin,  imloxyl»  skatoxyl,  hydroparaeiunaric  acid,  antl  oxyphenyl-acetic 
acid,  of  which,  however,  the  last  two  ajiixnir  likewise  as  their  .sidts  without 
Ijeing  combini^l  with  snlphiine  acid.*  These  are  derived  from  proteid  putre- 
factive products  formetl  almost  entirely  in  the  large  intestine  (see  p.  545), 
which  are  partially  absortel  an<I  partially  pass  into  the  feces.  The  amount 
of  ethereal  sidphate  in  the  urine  gives  an  indication  of  the  nnunint  of  intes- 
tinal putix'factiou.  It  does  nt»t  disiai>i>ear  in  starvation,  mucin  and  nueleo- 
proteid  of  bile  and  intestinal  juice  furnishing  material,^  li  the  intestinal 
tract  be  treated  ho  as  to  make  it  antiseptic,  the  ethereal  sulphates  disappear 
from  the  urine.*  Diarrhoea  likewise  decreases  their  amount,  obviously  from 
the  short  time  given  for  putrefaction.  The  synthesis  Ijctweeu  the  ammatic 
l)0(]ies  and  sulphuric  acid  probably  occurs  in  the  liver.  The  liver  and  the 
kidney  both  have  the  |>ower  of  (Combining  with  a  considerable  amount  of 

*  ZeilKhrijt  Jur  phjfaioliiffi*fhe  Chemie,  1SC»9,  lid.  28,  S.  318. 
'  BniiDiBno  :  Zcitxhriji  fur  ph^'oJo^ixhe  Chemie,  1SS6.  Bd.  10,  S.  125. 

*  Vnn  Nfxvnlen  :  Pathototfir  dn  Stoffwtchstlif  1893,  8.  163. 

*  llnumann  :  Op.  cU.^  S.  12V. 
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in<lol  an<l  phenol,  holiliu^  titetn  until  the  requisite  Kvnthesis  between  them 
ami  slilpliiiric  a4'i4l  iM^curs,  and  thereby  rendering  them  non-poisonous.' 

Inoait. — Thi.'i  is  i!ic  hcxaioniic  phenol  of  hexahydrolwuzol,  C((Hj(OHl,. 
It  wai>  loriL;  inihtakeii  for  a  t:arbi»hydrate.  It  lias  been  found  in  nius<'le,  liver, 
ppleen,  suprarenale,  Inugs,  brain,  uud  testicles;  likewise  lu  plants,  in  uuripe 
peas  and  beans.  After  dnnkin^  nmeli  >vater  it  may  be  Mashe*l  out  in  the 
urine,  juid  iierhaps  for  this  reason  is  fifien  tiuind  in  the  vohmiinoii.^  urine  of 
the  dial^etie.  Wlten  ilnl  it  is  burned ;  also  by  the  diabetic.  Its  origin  is 
unknoAvn. 

SUBBTANCBS    OP    UNKNOWN  COMPOSITION. 

Coloring  Mattkrh  in  tiik  BfH)Y, 

HeBmoglobin,  CTuHnsftNiuFeSjO^i  (Zinoffsky's  fommla  for  ha*utovl(»bm  in  horse'i 
bltHHl).  — Iln^nn>;;litliin  rs  fount!  in  iho  rt?U  Wooil-oorpUiW'lo,  pntbubly  in  chciuiriil  union 
with  the  strotii!!.'  Uniieil  with  oxygon  it  forms  oxy)irpmogl(ibin,  whioh  gives  the  Si-arlui 
color  to  arti-rial  bloud ;  bwuiuglubin  i(8elf  ih  darker,  more  blui»h,  and  therefoa'  vetioud 
blowl  is  of  a  less  brilliant  red.  Methods  fur  preparing  oxyhtcDioglobin  cryntala  are 
nuiuorous,  but  all  depend  i^n  L'cttiiiL^  the  hoomuglobin  into  solution.  If  ibc  oorpu^'lea 
in  eranr  U*  wn-sboil  witft  pfiysiological  nali-srilution,  ami  iheiv  trcatol  wilh  distilled  water, 
the  HbO  will  be  dissolved;  cm  yhiiking  with  a  littl*?  ether  the  iitronui  will  likewise  dis- 
solve; ullur  lioeantation  and  evaporulion  of  lbt»  ellier.  ut  the  nnim's  temperature,  the 
solution  w  oooled  to  — lo°  and  a  one-fourth  v<»lumt*  of  alcohol  at  the  same  temperature 
atlded ;  after  a  few  days  rhombic  erj-stals  of  oxyhrenioglobin  may  Ik*  collected,  redis- 
solved  in  water,  and  roprecipii&ted  for  [►urifieatton.  The  crystals  may  be  dried  tn  vtwuo 
over  sulphuric  acid.  Once  dry  they  may  be  heated  to  100**  without  decomposition,  but 
in  iu|ueuus  solution  tbey  are  deeuni|H>Med  at  70°  into  a  globulin  and  liaMnatin.  the  latter 
having  a  bruwii  color  This  difference  in  c^lor  gives  the  distinction  between  "  rare  "'  and 
"well-done"  ruast-beef  Ga:itric  and  pancreatic  digestion  likewise  converts  oxyhajmo- 
glo)>in  into  a  globuhn,  which  may  be  absorl:»ed,  and  htcmatin,  which  passes  into  the  fcoca. 
Hicmoglubin  is  without  doubt  fonned  in  the  body  from  simple  pruteids  by  a  synthetic 
prtHx^s.  Iforfurtlier  tururmation  see  pp.  52^  and  574,  and  likewise  under  the  section 
on  Blooil. ) 

(*()  HsBino^loMn  (aee  p.  517). 

NO  Hsmog'Iobiii  (see  p.  512). 

Methaemog'lobin.— This  is  found  in  blood-stains,  and  may  be  considered  as  oxyhiemo- 
gk>bin  which  had  undergone  a  chemical  change  whereby  some  of  the  loosely  combined 
oxygen  haji  been  liberated.' 

Hfflmatin,  C^HjjNtOiFe.— This  is  a  clcttvage-product  of  hicmogk>bin  in  the  presenoe 
of  oxygen.  (See  alM>ve,  under  Ilieninglobin).  It  is  not  itself  a  ronstitucnt  of  the  body. 
It  is  insoluble  in  dilute  acids,  alcohol,  ether,  or  chloroform,  but  is  soluble  in  alkalies  or  iu 
Kcidifierl  alcohol  or  ether,  showing  ehanicterifttic  attsorption-bimds.  If  a  little  dry  blood 
be  placed  on  a  microscofa*  vXxy^v  with  NaCl  and  moistened  with  glacial  at'etic  acid,  and 
warmed,  characteristic  brown  niicroscopic  cr>'stal8  oThfmtw,  C3,HjoN,FeO|.  HCI,  cr}-8tHllite 
out.  If  these  crystals  uiid  (he  spectroscopic  test  be  obtaioed,  one  can  be  absolutely  P<'<u- 
live  of  the  presence  of  blood. 

Hninochromogen,  (V'^»i^fl^*it);. — This  substance  has  the  same  composition  as 
brematin,  only  it  contains  less  oxygen.'  If  reduced  lurrooglobin  lie  heated  in  sealed  tubes 
with  dilute  acirls  or  alkali  in  absence  of  oxygen,  a  purple-red  com|>ound  is  pnnluoed  called 
'  Ilerter  and  Wakeman  :  Journal  of  Erperimentnt  A/iv/iWW,  1899,  toI.  iv.  p.  307. 

*  Kead  Stewnrt,  G.  N.:  Journal  of  Phytioto^,  1899,  vol.  xxiv.  p.  '23S. 
»  7jtryiieV  :  Arehivfur  PhyttiologU,  1899,  S.  JtiO. 

*  Zeynek :  ZcUtchrifl  fur  pKytioioyucht  Chtmit,  1898,  Bd.  25,  S.  492. 
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haemnohmmfiijen^  which  ifl  a  iT>-atalliziihIe  oleavafre-proOuei  of  haemoglobin.  Aooording 
(II  UnpiM'Sfylor  (ho  nxyjL!4;n  in  oxjiinpiiinglohin  is  Umnd  t*i  the  hirrnochrtiinopen  jmtup. 
Ha'iinK.'hroinujtfon  treated  with  a  Hinutjf  *]t'hy<lratin^r  aw't'iit  is  cmivcrttMl,  with  eliuiination 
ol'  ir*ni,  into  fuTmntoftorpfnfiitiy  Cialli^N^Oj,  an  iw>H»t'r  of  biliruhiu.  lIa;iiiato;K>ri>h>'rin 
is  saiJ  to  occur  in  normal  urine. ^  IheiiiaTotHirjihyrin  (reult'd  with  niisoont  hydrogen  is 
(!onvorted  into  a  body  beli«ved  to  be  iiK'ntiml  with  hydro-  or  iirtjbiliruhin.  AniUu^ous  to 
this  is  the  work  »d'  tho  liver  in  the  body.  umnuraL'turinu  the  biliary  (.'(."lurinif  inaiter  from 
hfcmoglobin,  and  ivtaiiiinx'  tlic  >icpanited  in»n  i'ur  tin.-  syntlHsis  of  I'rvsh  hreuiuL'lobin 
(see  p.  529).  HiTinntuidtH^  found  in  old  blood'Stains,  is  believed  to  be  identical  with 
bilintbin. 

The  Bile-pigmentfi.— The  nrfJinary  coloring  matter  of  yellow  human  bile  is  hilirubin^ 
C.iJJ>i^'tO«.  The  next  hi)ilier  uxidaUon-pniduut  is  the  green  hHiv^rdiit^  t^srHjaNjOfc 
vhirh  \a  the  usual  dominant  color  in  the  bile  of  herblvorji.  These  coloring-matters  and 
olIiLTH  derivefl  from  tlieiu  have  been  found  in  gall-eioncs.  Jotles*  gives  the  following 
products  of  the  oxidation  of  btlinihin : 

Bilirubin  (red)  C„H,,N,0,; 

Bitiverdin  (LTeen)  C„H„N,0. ; 
Bitieyanin  (blue)  ? 

(violet)  ? 

(red)  ? 

(brown)  ? 

Bilixaiithin  (browniah-yellow)        C„r!isN,04. 

If  nitrie  acid  eontuininfjr  a  little  nilniiiH  a«  Id  be  addeil  (o  a  .sohilion  ol  bilirubin,  a  phiy  of 
colors  is  observed  at  thu  juncture  id"  tho  two  fluids,  umlouhtedly  dependiiii.'  upon  various 
£!taj£e(^  of  oxidation.  Alwjvo  is  a  rinij  of  Lneen  (lidiverdiu),  (lien  blue  and  viulel  (bilieya- 
nin),  red,  yellowi»h-brown  4btlixanthin^  Bilixaiithin  (—  eholetclinj  is  the  hi^cbest  oxidft- 
tion-pn»cluet     The  above  is  known  lus  Gmrh'ns  trMt.* 

If  bilirubin  or  biliverdin  is  subie<'ted  to  the  at-tion  either  of  nascent  hydrogen  or 
of  putreracti(»n  it  ia  rrdit^-ed  to  hydrobilirubin,  C.,tII44N\0..  Tliirt  substance  is  therefore 
funned  in  (he  intestinal  tract,  iy  in  part  afwtrl'Ctl,  and  appear*  in  llie  urine,  where  it  iu 
called  urobilin,  ihoueh  the  twi»  arc  iitcritirut.  I  Tubilin  iiivc.s  a  yclluwiHli  n)lonition  to  tlie 
urine.  Injection  inio  the  blood-vesscbi  of  disiilled  w:iter,  eiher,  cldundbrm,  the  biliary 
salts,  or  antenuretted  bydroKcn.  jiroduees  a.«*)lution  of  the  red  bl<Mnl-ci>rpusc]e8  and  conver- 
sion of  hwinoplobiu  into  biliary  colorinn  matters  which  aru  tlirowu  out  lu  the  urine.  Bili- 
rubin, liiliverdin,  and  bilicyaniii  give  chnnioteristic  .npectra. 

Helanixut.— Under  this  name  are  elapsed  thu  pi^nnents  of  the  skin,  of  the  retina,  and 
of  the  iris.  In  uiulanosis  and  kindred  di»ca.sea  they  are  deposited  in  blark  itiranules, 
Abel  and  Lhivis'  prepiired  pure  piiiuiciU  from  the  skin  of  the  negro  and  Hnd  that  it  eon- 
lains  no  iron  and  1.5  per  cent,  of  i^ulphur.  Theae  pigments  arise  from  proteiil.  On 
deeoni|K»sitinn  they  yield  two  meliuiinie  acids.* 

Tryptophan. — This  is  said  to  be  a  elenvage-product  of  hemipeplone  in  Irj'ptic  digeft- 
tioD  ;  *  it  drives  a  retl  color  with  chlorine  and  a  violet  color  with  bromine,  due  to  halogen- 
addition  compounds. 

Lipochromes.— These  include  /hMii,  the  yellow  pigment  of  the  corpus  luteaoi,  of 

*  Garrod:  Jnunmi  of  rhtj.iinhij%f,  IS94,  vol.  17,  p.  548. 
'  Pftuit<r'»  Arrhir.  IH'jy,  Ii*l.  7'>.  S.  -H6. 
'  For  a  delicate  moditicatiun  of  this  tetil  see  Julles:  ZeiUoKrifi  Jvr  phjfitiologUche  ChemiCf  1895^ 

Bd.  20,  S.  4C1. 

*  Jourmtl  of  E^pmmental  Mtdieine,  1896^  tqL  i  p.  381. 

*  Jones:   Amrriain  Journal  of  Phyviotoffjf^  1809,  vol.  ii.  p.  380. 

*  tSladelmnnn  :  ZeiUckrift  fur  Biolof/ir,  1890.  Bd.  2tJ,  S.  491. 
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hhxxl-pliMiiia.  butt«r,  cg;cr*yolk,  and  ot*  fat;  likewise  vinial  purpilr  of  the  retina,  which  \a 
bloiiclied  Ity  lij^ht.  Sohitionn  of  the  pnro  visual  purple  from  rabbits  or  dogs  become  clear 
as  water  on  cxptwure  to  light. ' 

Oholesterin. 

Choleiterin,  (Vn^^OII. — This  is  found  in  all  animal  and  vegetable  cells  and  in  the 

milk."  It  is  t»s]iooiuUy  iireHfiii  in  niT%*niiH  tissue  and  in  blood -corpuscles.  It  is  excreted 
through  the  bili>  and  (iimuirh  ilic  inU'siiniil  whU.'  In  the  bloml- plasma  it  is  pri'Si>nt  as 
an  e^ter  tximliined  with  ohiie  and  piiltniii<-  iumiIh.  while  in  the  corpuscle  it  occurs  as  simple 
chuK'sterin.*  It  niuy  be  prt'par;^]  by  disHolving  giillstoi]<>H  in  hot  alcohol,  from  which 
Siilution  the  chnleslerin  iTy.'*lalli2es  (m  niolini:  in  ohunu-ttTistic  plates.  It  is  insoluble  in 
water  or  aciiln,  hut  Mtilnlilc  in  tlio.  bili:ir>'  ri.-i)t8,  oihtr.  umt  hut  alcohol.  It  in  pDbalily  not 
absorbed  by  the  intestinul  cunal.  In  hmimn  feces  sti^rcurin  ap|HJurs  insteml  of  choles- 
teriri*  Thw  Mcrcorin  (the  koprost«.*rin  of  Bundxyiisfci)  is  a  dihydpocholesterin.'  C'jjH^^OH, 
and  is  the  result  of  putrefactive  change.^  Cholesierin  feels  like  a  (at  to  tlie  touch, 
but  is  in  reality  a  nionatomic  alcohol.  With  c»m;entmf«d  sulphuric  acid  it  yields  a 
hydnxarhon.  choffstt't-ilin.  ('^H,^.  colnrini/ the  aiilphiiric  oi'id  red  (.Salkowski's  reaction). 
ItKj-eliok'HtcriM,  an  inoniere,  i^  louuil  ootiiliiricd  ns  ;iii  e^ter  with  fatty  acid  in  wool-fut  or 
lanolin.     The  physiological  importance  of  chulesterin  is  unknown. 


The  pROTEros. 

Consideration  of  the  proteids  from  a  purely  chemical  standjxjiDt  is  impos- 
sible, for  their  ('ornposilion  ts  unknown.  There  exist  only  the  indices  of  ami- 
position  fiirnisbtid  liy  thf  prtHhicIs  of  cleavat;e  and  dif-int(^ration.  Bodici*  at 
prt^i<.'nt  c!a:5S4.ii  us  iiidivitluals  tiiiiy  sometimes  Ik»  shown  to  be  identiwd,  with 
characterizing  impurities.  It  reniains  for  the  oheoiist  to  do  for  the  proteid 
group  what  Kniil  FislIut  with  phenyl-hydrazin  has  aocomplish^^l  for  the 
sugars. 

As  a  characteristic  proteid,  egg-albumin  may  be  mentioned.  Proteid  forms 
(after  water)  the  largest  part  of  the  organizetl  cell,  and  is  found  in  all  the 
Huids  of  the  IkhIv  cxLVpl  in  nriiu*,  sweat,  and  bile.  Pntteid  contains  uirl>0D, 
hydmgcn,  nitrogen,  oxygi'n,  sulphur,  sometimes  phosphonts  aud  iron. 

Genera!  LWtction^, — A  neutral  solution  of  protfid  (with  the  exception  of 
the  peptones  and  ]>roteoses)  i.s  partially  precipilatul  on  l»oiliug,  and  is  finite 
completely  pm'ipitaie<I  on  carefid  addiiion  oC  an  acid  (acetic)  to  the  boiling 
eolutioD.  Prolcids  are  pr<!cipilate*l  in  the  cold  by  nitric  and  the  other  com- 
mon mineral  acids,  by  mctapluxsphoric  but  not  by  orthophosphoric  acid. 
Metallic  siilt.'^,  such  as  Iiwl  acetate,  cop|>er  sulphate,  and  mercuric  chloride, 
pa'iMpiUUc  proteid;  as  do  ferro- atid  ferricyanide  of  potassium  in  acetic-acid 
solution.  Fnrlher,  saturation  of  acid  solutions  of  proteid  with  neutral  salts 
(XaCI,  NiJjSOp  (\Hj)2SOJ  preoipiialos  them,  as  does   likewise   alcohol    in 

>  Kuhne :  XritKhrifl  fur  Bioloffie,  189.%  Bd.  32.  S.  26. 

«  Schmidt-MuhUieinK  t*fiuger'»  Archit,  18H3,  Bd.  30.  9.  3R4. 

"  Murawewski  :  ZrHachrifl  fOr  phynichgitehe  rVmiV,  1898,  Bd.  25,  S.  122. 

*  Hepner:  /^rftij^ii  Archir,  1898.  Bd.  73,  S.  595. 

'  Flint:   .'Irno'icun  Juunuii  of  Mrtlinil  .Sri'mrtyi,  1802. 

*  Bontlzynrtki  and  Iliitimicke:  ZritJiehrift  fur  pKyniatogiaehe  Oiemie,  1896,  Bd.  22.  6.  396. 
1  Miiller,  P. :  JbiJ.,  1900,  Bd.  29,  S.  129. 
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neutral  or  acid  solutions.  Prot^id  is  also  precipitated  by  tannic  acid  in  acetic- 
acid  !?oIution.s,  by  piiospJio-tnujjhtic  and  phofspho-ninjyixlic  ai-idsi  in  the  presence 
of  Tree  mincnil  acids,  liy  picric  acid  in  .solurioas  acidified  In*  orpinic  acids.' 
The  prcoipitaticin  of  prtjtcid  is  also  accfiinjvli.sluMl  liy  niicloic  acid,  taurocliolic 
acid,  and  chondroitic  hulplinrie  acid  in  acid  solutions. 

Of  the  color-rearttonj*  the  action  of  IMiilon's  reagent  has  been  de:$cribed 
(see  p.  ri()9).  Soluble  protcids  give  the  biinvt  test  (see  p.  549).  With  concen- 
trated siilphiuic  acid  and  a  little  cane-sugar  a  pink  color  is  given  when  proteid 
is  present  (sc-e  p.  544).  Protcid  heate<l  with  uKiderately  concentrated  nitric 
acid  gives  yellow  flakes,  changing  to  oninge-yollow  on  addition  of  alkalies 
(xantho-proteid  ivaetion).  Proteid  in  a  mixture  of  one  part  of  coneenl rated 
sulphnrir  acid  and  two  parts  of  glacial  ao'tir  acid  gives  a  reddish-vjolet  color 
(Adainkiowic/,),  a  reaction  atvelcraf*»fi  iiy  lieating.  Finally,  proteid  dissolves 
after  heating  with  concentrated  hydrochloric  acid,  forming  a  violet-colored 
Bohition  (Lieberinann). 

The  following,  taken  in  part  from  Chittenden,^  is  submitted  as  a  general 
clo&jification  of  the  proteids: 

Simple  Proteids, 
r  Serum-albumin  J 
)   Egg-albuniiu; 
]    LiuMo-albiirnin ; 
V  Myo-:dbLuiiiu. 

Sernm-glubulin ; 

Fibrinogen  ; 

Myosin  ; 

Myo-globulin  ; 

Paramyosinogen  ; 

^  C'ell-giobiiJin. 

-11       .     .      f  Ac'id-alhnmiu ; 
Albummates  s     .  ,,    ,     ,,       .' 
{  Alkali-albumin. 

ProUoftes  and  PejAones, 

Coagulated  Proteids  (  J^)^^"" '        ,       , 

I  Otlier  coagulated  proteids. 

Combined  Puoteids, 

Hnemoglobin ; 
IlisUvhieniatins; 
ChlortM-Tuurin ; 
Hremerythrin ; 
Hiemocvanin. 


Atbunwis 


GlobuUns 


QircffMhpr<Aeids  - 


Ghoo-proteids    \   .,        ,' 
I  Mucoids. 


*  The  above  liflt  is  given  by  Hanimanten,  PhyMioio^ictil  CAcmw/ry,  truiBlated  br  Mandel, 
p.  18. 

»  "Digeative  ProleolyaiB,"  CUrtipr^Ai  Ucturesy  1895,  p.  30. 
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Nucho-proteUls 


f 


1.  Those  yielding  iwra-nnclei 


1, 


in  /    Pviu ; 
Vitellin. 
Xucico-histon ; 
Cell-uuclein. 


2.  Those  yipldinp  true  nuclei ii  < 
Phospho^lyeo-proieidB.     Hi4ioo-protoi<l. 

ALBlMiyoiDS. 
Ciilla^n  ((jt^latin). 
Elnstin. 
Kcrjitin  ami  Neiipokemlln, 

Albumins.— Hi Hiies  of  this  immp  aro  soluble  in  wator  and  prer-ipitafcd  by  lx>ilinp.  or 
on  stamlinL'  with  ulrnhol.  Henini-albnmin  jh  the  principal  proteiti  eotu<tittieni.  of  blootl* 
pliminn.  while  liick>-albuinin  uml  niyo-ulbiiniin  are  similur  IxMlies  found  respectiyely  in 
milk  ;inil  muiu'le. 

Globnlins. — These  are  inHoluhle  in  water,  but  soluble  in  dilute  salt-solutions.  They 
tre  ooagulnteil  on  lioutiuir,  If  Monil  mtiuu  !«  dialyEcd  with  diHtille<l  water  to  r^'inove  the 
mS\B  present,  svnini  ulnbuUn  iWrmcrly  held  in  solution  t<eparatefi  in  Hakeem.  Fibrinogen  and 
eeruni-jkdubuliu  are  in  M(kh1-i>!ii.mii:i  luid  the  lymph.  Myosin  is  the  principal  conMituont 
of  dead  muselc»;  in  the  living'  miuu^-le  myosin  it»  said  to  bo  present  in  the  form  of  myosin- 
ogen.  Myoirlohulin  in  miifu'le  is  akin  to  senim-(;tobuHn  in  plasma.  Paramyosinogen  in 
muscle  18  chamrierized  by  the  low  temperature  at  which  it  ooagulatea  (-+-47°).  (VII- 
globulin  \»  iUmj  limiid  in  the  animal  cell. 

The  globulins  of  vegetable  cells  are  intercstiiii;  lu*  havlnff  been  obtained  in  well-defined 
crystalline  fonn  and  in  frreat  pnriiy  of  composition.'  Those  are  not  irent-rally  eoagulable 
by  heat,  and  indeed  vegetable  proteitls  show  many  points  uf  divergence  from  those  of  tho 
animal. 

OfsUtnie'  finds  that  tiolutions  of  pure  er>'8talline  edestine  obtained  ^m  plants  take  up 
liydnn-titoric  Huid  inexact  dicmiral  relatiun**,  funning  the  hydnKhloratc  orbthydnx'hlonite 
of  t'ik'stitie.  The  t>inip(eMt  fonmilu  for  ciiiHtine  i  conluining  two  atoniH  of  sulphur)  which  can 
be  calculated  give.'*  a  molei'ular  weight  of  TJHH.  twice  which  is  14.2T«V  This  latter  mokn-*- 
ular  weight  exactly  utiiteb  with  one  molecule  of  hydroeblorir  acid  to  form  edentine 
bydrociilor.i(e.  OslHime  resiirdH  the  many  varialiuiis  in  similar  **  native"  albumins  a.M  being 
fundamentally  caused  by  tlic  quantity  and  quality  of  the  acid  or  alkali  with  which  they 
unite. 

Albuminates. — If  any  of  the  uUivu  native  animal  proteidn  or  any  coagulated  proteid 
be  treated  with  an  alkaline  stflutinn,  alkali  alhuniinate  is  formed.  In  this  way  tho  alkali 
of  the  intestine  ai*ts  upon  proteiil.  If  liydrochlorio  a<.'id  acts  on  proteid.  there  is  a  gelatiii- 
isation  and  slow  conversion  into  acid  albuminate,  a  pmot^Rs  actvleraled  by  the  presetH-e 
of  pepsin.  Thii<  taken  place  in  the  stomach.  Ufith  alkali  and  acid  albuminates  are  in- 
soluble in  water,  but  both  are  soluble  in  dilute  acid  or  alkali,  without  lo«  of  individual 
identity. 

Proteoses  and  Feptonea. — These  are  iKxlies  obtained  from  the  digration  of  proteids, 
through  a  pruceaw  ut"  hydrulysis.  They  are  non-i'oagulable  by  heat.  If  a  mixture  of  pro- 
teoses and  peptones  be  saturated  with  ammonium  sulphate  the  proteose  are  said  to  be 
precipitate<l.  while  true  peptone  remains  in  solution.  Tlie  cliemical  identity  of  this  true 
jM!plone  is  still,  however,  to  be  established.  In  the  gastric  digeMion  of  fibrin,  pn>to- 
proceoeet  hetero-proieosc,    and  deutero -proteose  B,  arise  as   ])nmar>'  cleavage  pn»ducti<.* 

*  Oahome  :  Jrmnuil  of  Atmrican  C%oni«i/  SoriVfy^  1894,  vol.  xti..  No*.  9,  10;  and  «>tber  arti- 
cles in  the  same  jiiumal  by  the  same  author. 
»  Op,  eit.,  18W.  vol.  21,  p.  4m. 

■  ZunE,  E. :  &H»chnfi  fur  phyKiUo^Uehe  ChimU^  1809.  Bd.  28,  a  13*2. 
Vol.  1.— 37 
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Fibrin  yieMs  a  carbohydrate  radicle  which  appearH  in  deutero-pmteoso  H  nuil  sultiao- 
qui^ntiy  in  peptone  A.*  The  primar)-  proteoses  are  believed  to  break  up  intu  K'niudiirj' 
proteoses,  such  as  deutero- proteose  A  and  deutero- proteose  (-,  and  perbai>s  others,  and 
these  seeondarj*  protecwes  may  be  winverteil  into  peptones,  aUhutuh  gastric  digestion  will 
not  oonvi'rt  some  deutero -proteoses  into  peptone.'  K^^  albumin  and  other  proieida 
yield  tiimilar  products.  The  whole  prot-ess  of  proteolytic  eleavaf^e  lias  l>een  eoiupHred 
wifli  tilt'  hvdrolytic  fk-avage  of  st;m-h  into  de.\trinM  and  buiears.  Aoconlinsr  to  Kiihne. 
pnHoid  eoiLsista  of  a  henii-  and  an  jinri-  irronp,  which  separate  into  diHlinct  hemi-  and 
anti-  bodies  in  prote<tIvsiH.  Of  the  firifd  pnxbiets,  hemi-  and  anltpcptono.  only  the  former 
yields  leuciu  and  tyrosin  in  tT>"piic  pniteolysis.  This  is  tlie  only  radieal  dift'LTcnce  between 
the  two  peptunes,  henoe  hemi-puptone  has  never  been  isolated.  Kut#olier*  denies  ihe 
existence  of  anti-j»eptone  ami  show.-*  that  prolonj^ed  trjjitie  proteolysis  almost  completely 
transfonus  protfid  into  iimido  l»odie.s. 

Coag^ated  Proteids.  — Tlicfie  nn.-  insoluble  in  water,  Bidt-solutions,  ideijhol.  dilute 
acids  and  idkalie^^.  but  Holuble  in  stroni:  arids  and  alk;ilic8,  pepsin-hydRndilorie  ufid, 
and  alkaline  solutions  of  trypsin.  Tlie  chemical  or  physical  change  which  is  i^ffet'ted  in 
coagulation  of  jipitoid  is  unknown. 

Combined  Proteids.— These  consist  of  proteid  united  to  non-proteid  bodies  8ucl»  as 
ha?nj(H"hrouioL'cn.  r.irbobydrates.  and  miuk'ie  aeid. 

Chromo-proteids. — These  are  fomirouiids  of  proteid  with  an  iron-  or  L»pper-contain- 
iutf  pitruieiit.  like  hienio^lobin,  whtth  has  already  Ix'eii  described.  Jlistolnpinatt'int  are 
ironH'ontaininjLC  pieincnts  found  rsp^tially  iti  uniwlc.  That  which  i.*  foiual  in  nuiade  is 
called  myohfemutin.  and  reseniblcs  lnennx*lirumo^'en  Humewhat  in  itt*  spcctn>£jct)pic  appear- 
anee.  and  is  believed  to  \>c  jiresent  in  two  fonij8eurrei*|K)nding  to  h;emoglobin  and  osyha^mo- 
frlobin.  It  has  been  regarded  us  an  oxy pen-carrier  to  tlie  tissues.  Among  (he  inverte- 
brates the  bliMid  otVen  (contains  only  white  corpuscles  with  sonietiraes  a  colored  i)lasma. 
Thus  the  blood-scrum  of  the  eotnmon  earth  wnnn  contains  dissolved  !in?nio|jIobiUt  that 
of  some  other  invertebrut^'s  a  ureeii  n'spiratory  jnuuieiit,  ehhrocruon'ii.  whus^.*  chara«> 
leriKing  uoui|N)ueut  set:iiis  similar  to  ha;matin ;  ka^meiytknti  occurs  in  the  pinkish  eorpus- 
dee  of  SipWicufuJi^  while  the  blood  of  crabs,  euails,  and  other  animala  (moUusks  and 
arthiopoda)  is  colored  blue  by  a  pigment,  httinoct/auiii^  wliicb  contains  copper  instead  of 
iron. 

Glyco-proteids. — These  consist  of  pnilcids  I'oudMued  with  a  earltohydrate.  Tliey  are 
insoluble  in  water,  but  solublt:  in  verj'  weak  alkalius.  On  boiling  with  dilut*;  mineral  acids 
they  yield  a  reducing  substance. 

Mm-iua  are  fttiind  in  mucous  glands,  poblct  cell.^,  in  the  cement  sutistance  of  epithelium 
and  in  the  e4inneotive  tissues.  Of  the  in'arly  related  mucoids  may  be  named  ciMoid^  a  sub- 
ataticc  appearing  like  a  gelatinous  u;luc  in  certain  tuuiors;  jmtudtj-nn windy  the  slimy  Itrody 
which  gives  its  diameter  to  the  liipud  in  ovarian  cysts;  and  t:homiromucfn'd,  found  as  a 
constituent  of  cartilage.  Oti  boilini,'  chondnMiiucoid  with  dilutt;  sulphuric  ai'id  it  yields 
aeid-ulbuminute,  a  pepiom'  substance,  and  chondroitic  acid.  The  last  is  a  nitrogenous 
ethereal  sulphuric  acid,  yielding  a  carbohydrate  on  dccompoaitioD,  and  found  preformed  in 
every  cartilacc  *  and  in  the  amyloid  liver. ^  It  is,  of  course,  not  a  proteid.  Amyloid  ia 
flimilar  to  chondrn-niucoid,  and  may  be  identical  with  it  It  is  said  to  consist  of 
chondroitic  snlphurir  acid  in  combination  with  proteid."  and  yields  proteid  and  phoepborie 
acid  on  de4'ompi)6ition. 

'  Pick  :  ZeitMchriftJvr  phynoltHfiM'hr  Cfumie,  1809.  Bd.  28,  8.  219. 

•Fnlin:  /6i/y..  1898,  Kd.  25,  S.  152. 

■  Dif  EndpTfuinkU  dcr  Trupsimrrtiauung,  StraNthttrg,  189fl. 

♦  MSmer :  Zntt^krijt pr  phynoloffisehe  ChemK,  1895.  Bd.  20.  S.  357. 

*  Oddi :  Arrkiv  fur  fxpcr.  Palkohgk  und  Pharnvikotosi*,  1894,  Bd.  33.  S.  376. 

•  Krawkow :  Ibid.,  1897.  Bd.  40,  S.  195. 
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Nucleo-proteids,  or  Nucleo-albumins '  and  Nncleic  Acidi.— These  are  eoiupoimds 
of  |iroteid  with  nudeiii.  which  lattor  ylelda  phi»sph«ric  acid  on  di^wtiuiKisition.  If  imcleo- 
|)n)teidf  which  is  (fmntl  in  every  cell,  be  diuested  wilh  ]K.'p8in-hydrochloric  acid,  there  remains 
a  rwidue  of  inholuUii  tuulcin.  which  ia  likewise  in*ihible  in  water  but  »)hiblc  in  ftlkalies. 
If  lliiM  nuolein  yields  xiinthin  ba»es  on  finiherdec(mij>«>silion.  it  is  callcil  tnic  nucloin  ;  if  it 
fuils  to  yield  these  biksen,  it  in  called  panLnuelein  or  pseudonuclein.  Niu*li*a-pn)teidt} 
yieldiiiL'  pruleid  utid  pinruiMielein  on  deeomiKiHitinn  iiieluite  the  eiuieiu  of  milk,  pyin  of 
the  pleund  cavity,  vifellin  of  the  e^/?,  BunKc'?*  in>n-c(>titaininK  hrcniatogen  of  the  egg, 
lut  well  as  nueleo'prutoidti  found  in  all  protoplasm.  They  h)1  contain  iron.  Paranuclein 
is  probiibly  absf>rbabU'  (sec  p.  514).  C}iiM:tn  yiclda  on  i>eplio  digestion  phoaphorized 
all>iini<ise»«  from  wbii-b  paraiiuelein  \»  split:  (his  cleavage  is  followed  by  the  further 
diK<?stion  of  (he  albumow  and  the  grudual  solution  of  the  paranuclein.'  Kobrak"  shows 
that  woman's  ciL^tein  hat*  iwo-tbinls  the  a^'idlty  of  ww's  casein,  but  that  the  ftmncr  dis- 
Hftlved  and  repHvipitated  six  linu-s  hiu4  the  winte  j)ro|>enies  as  ihe  latter,  lie  Itelieves  that 
woman's  cafiein  may  couHtst  of  euw's  casein  united  with  another  product  of  more  buiiic 
pro|K*riies. 

A  second  groixp  of  iiiic!eo-pn>teids  yields  (rue  nurlctn  on  decomposition.  This  true  nudein 
is  a  nKKliKed  fonii  of  the  oriuina!  imeleo-proletd,  and  innf^isls  of  nucleic  acid  in  cond>iriatii>n 
with  pp»tcid.  Ondecompo'^iiion  the  iiuclein  breaks  uj)  into ittt constituent  proteiiluud  iiueleio 
acid,  wbicli  latter  always  yields  ntie  or  uiure  (»f  lite  xurithin  Utaeji,  wbiih  are,  therefore, 
called  nuclein  ba^cs.  The  nucleic  acid  is  similar  to  that  derived  Irom  sperm,  which  is 
combined  with  pnitaniin  in  the  sponn  nui'leus.  The  nucleic  acid  of  yeast  nuelein  yields 
guunin  and  adeniu.  that  of  a  bull's  testicle  adenin,  hytK)xanthin,  and  xanthin.  that  of  the 
thymuh  adenin  and  guanin.  that  of  the  pancnms  gnanin  alone.  TIiu  bitter  ha»  been 
termed  *"  uuanylic  acid,"  and  "  adeuylie  "  and  "  xaalhylie  "  acids  may  also  be  considered 
indiviiluiil  nucleic  acids.  Kach  *»ne  of  this  family  »d*  acids  baa  the  |K)wer  of  combining 
with  any  sulubU*  proteid  to  fnrm  nucleo-jiroteid,  hence  ibere  may  exist  a  large  variety 
of  nurleo-proleids.  Ami  the  variety  is  further  incmased  by  the  diversity  of  other  decom- 
jxwitiun  proiiucls  yielded  l)y  the  various  nucleic  acids.  Tlius  most  nucleic  acids  yield 
thymic  acid,  which,  however,  cannut  Ije  found  in  pancreas  nucleo-proteid.  A  cri'stalline 
ba.se  called  cytt>sin  has  been  discovered  in  thymus  nucleic  acid,  Some  nncleic  acids,  like 
that  derived  fmm  yeasi,  readily  yield  carUdiydrates  (a  hext»se  anda|tent(ise),  while  others, 
like  thymus  nucleic  acid,  show  the  presence  of  the  carb<diydnttc  group  only  in  the  pro- 
durtif.m  of  levidic  acid  after  ver>'  thon>ugli  decomposition  ;  and  still  others  (salmon  sperm) 
fail  to  indicate  the  presence  of  any  carbohydrate  radicle.  According  to  Kitssel.  nuclei 
may  at  times  contain  fr<v  nucleic  acid.  According  to  Bang,'  nucleic  acitl  may  unite  in 
thrc*'  way.'*  '•  with  proiamiii,  as  in  s|)emi  nucleic  acid  :  hMtsely  wilh  pnitcid.  us  in  most 
nucleo-pn)teids,  and  stroncly  with  proteiil,  as  in  pancreas  micleo-proteid.  TheliL^-named 
pancreas  nucleic  acid  yields  guanin  on  decomposition,  and  has  Iwen  termed  "  guanylic 
acid."  Bang  gives  the  follow!  UL^  analysis:  guanin,  36  percent,  (containing  nine-tenths 
of  all  the  nitrogen  prest^nt) ;  n  little  ammonia  ;  a  pentose,  30  per  cent,  and  l*iO|,  17.6 
per  cent.     The  rest  unaccounted  for  is  17.5  per  cent, 

Fhospho-glyco-proteids. — This  class  is  repre*<enl«d  by  IJammarsten's  hdicn-proUid^ 
which  yicldf  jianuuirlr  in.  and,  unlike  other  nucleoproteids  of  the  paranuclein  class,  it 
yields  a  reducing  r-irhohydnite  on  )»oiHng  with  acids. 

The  Albuminoids.— These  ore  bodies  derived  from  true  proteid  in  the  body,  but  not 
themselves  convertible  into  proteid.  They  are  resistant  tu  the  ordinary  proteid  solvents, 
and  as  a  rule  exist  iu  the  solid  state  when  in  the  body. 

*  These  two  terms  are  used  here  as  Bvnonymous,  thou(rh  Uammanten  wonid  confine  the 
term  nueleo-albumin  to  tlio»»e  proteidf*  which  yield  pnrnmirlpin. 

<  .SalkowBki:  ZeUnehriJt  Jur  phynioioffuehe  Chemu,  189V,  Bd.  27,  d  297. 

*  I^ugfTd  Arrhiv,   1900.  IW-  80.  a  89. 

*  ZtitAehriJi/iir  phyniaiogufJu  Cktmie,  1898,  Bd.  28.  R  133. 
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Collagen. — Tliia  is  the  chief  constituent  of  the  fibres  of  connective  tissue,  of  the 
orgnnie  mutter  of  bone  (ossein)  and  is  likewise  one  of  the  constituents  of  cartilage.  Col- 
lugen  in  insoluble  in  water,  dilute  acids  and  alkalies.  On  boilintr  with  water  it  forma 
gvlntin  throu^'h  hydration,  whiob  la  soluble  in  hul  Vi'at4'r,  but  gelutinize.s  on  ixxding  (as  in 
bouillon).  Dry  gelatin  hwclls  when  bronchi  into  cold  water.  By  continuous  b(;ilini^  or  by 
gastric  or  tryplic  digestion  fiirilicr  byilrution  liikcs  pW-e  with  (he  formation  of  soluble 
gelatin  peptone.  Gelatin  fed  will  not  take  the  place  cd'  ]in)tt?id,  but.  likesiitrar.  i»nly  tnore 
efl'eclivfly,  it  may  prevent  proteid  Wiiste  by  being  burned  in  its  stead.'  Gelatin  yields  leucia 
ftnd  jiiiycocoll  on  decomposition,  but  no  tyrosin.  It  therefore  gives  ihe  biuret  re:i4r(iou,  but 
none  with  Millon's  reagent.  It  contains  but  little  sulphur.  It  j'ields  about  the  same 
aniido-  acids  as  onlinar)'  proteid. 

Elastin.- — This  ia  very  insoluble  in  almost  all  reauents  and  in  lioilin);  water.  On 
decouiitosition  it  yields  Icucin.  tyrosin,  j;ly<'i>coll.  ntid  lysatin.  It  is  .»)lowly  hydrated  by 
boilinjT  with  dilute  ackls.  and  by  pepsin  liydrwhloric  acid.  It  contains  very  little  sulphur, 
Bnd  gives  Millon's  test.  It  ts  found  in  various  connet^ive  tissues,  and  especially  in  the 
cervical  Iteament. 

Keratin  and  Neuro-keratin.— These  wrc  in>w)]idilc  in  water,  dilute  acids  and  alkalies; 
insoluble  IT)  iKp^in  hy"lrijclil<"ric  acid,  and  alkaline  siilutions  of  trypsin.  Kemtiu  is  Ibund 
in  all  horny  structures,  in  epidermis,  hair,  wool,  nailn.  hoofs,  h«>rn.  fL':ithcrs.  turtoise-shell, 
wlialob<ine.  etc.  Ncuro-kcratin  has  been  diwvivcrcd  in  the  brain,  and  in  the  medullary 
sheath  of  nen'e-fibres.*  On  decomposition  with  hydpoehloric  acid  keratin  yields  all  the 
pn»ducts  given  by  simple  proteids-  It  contains  more  sulphur  than  simple  proteid  and 
yieVls  more  tyrosin.  I)n-chs<'l'  lielieves  that  it  is  transfornu'd  from  simple  proteid  by  the 
substitution  of  ?idphur  for  mmv  of  the  oxygen  ami  of  txTiksin  Tor  kucin  or  other  auiido- 
acid.  Hart  of  (he  sii1[ihnr  is  lnusdy  condnncd,  and  a  lead  eonib  turns  liair  black,  due  to 
the  formation  of  lead  sulphide.  There  are  different  keratins,  and  their  sulphur  couteot 
varici*  greatly. 

Histon. — Illston  \»  a  proteid  split  off  fmm  yeast  nuclein  and  the  nuclein  of  the  while 
bliHxi-corpnscles  and  bbxHl  plates.  Kossel  has  suggested  (hat  it  is  a  coiubinulion  of  pnv 
teid  and  protamin,  which  the  invesli^atitms  of  Kang  *  tend  to  i-nnfirm. 

Protamins  and  Remarks  on  the  Theoretical  Composition  of  the 
Proteid  Molecule. — The  pi*ot:iinin.s  have  hcfii  tliseovered  in  ti^h-sperm 
unitotl  witii  nucleic  acid.  According  to  Kos-sel,  protiunius  are  the  simplest 
pnjtciels.  They  all  give  the  biuret  test.  On  heatitig  with  dilute  acid  nr  in 
trvptif  di<j(sti<)n  they  are  converted  into  protiuj*'  (protamin  (wptone).  and 
then  tliey  break  up  iiiti>  uiiiido  acidn.  Several  prutatuiiis  have  been  dis- 
covered. That  oblainetl  frmn  stiirgeon-aj^erm  is  called  stiirin^  from  the 
hcrrin<r,  tdnpein,  from  thf  salinon,  saliniii,  ami  from  \\\v  niackerelj  scombrin. 
Stiirin, according  t«>  Kossd,^  breuks  tq)  as  iidlow.*-  : 

C«H«,Nib07  +  6II3O  =  CJI.NjOa  +  3QH„N,0,  +  C  JT|,NjO, 

Siurin.  HlsCinin.  Arfrlnin.  Lysln. 

Kos.sel's  investipitions  sliow  that  y^ulniin  and  clii[>ein  are  identical  and 
yi<?UI  on  decomposition  urjt|;inin  and  ainiibi  valerianic  acid,  while  scombrin 
also  yieldiit  arginin,  without  any  hiBtidin  or  lysin.* 

>  Voil:  ZntJtrhH/i /Tu  Bioiwrie,  1872,  Bd.  8,  8,  297. 
'  Kflhnc  and  Chittenden:  Ibid.,  1890,  Rd.  26,  S.  291, 

*  lAdenbtirg'K  Hanttu-ortfi-ftueh  ilrr  ( VioniV,  18H5,  lid.  3  S.  671. 
'  Zfitxhriff  fw  phywiohgifrhf  Cltanif^  1899,  Bd.  27,  8.  4«>8. 

*  Dtutsehr  medicimsehe  WiK-hetiKhrift,  1898,  No.  37. 

*  ZfiUsehriJi  fur  phytioiatpxeh^  ChemUj  1899.  Bd.  26.  &  588. 
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All  proteids  yiold  hietiilin,  nrg^iuin,  and  Ivflin  oti  docomposition.  As 
n-gftrds  the  oomjKwititm  of  the  pmtvid  molpride,  Kossel  pictures  a  protaiiiin 
niirkMis  likr  rttiirin,  t(»  wlitfli  iimv  \\v  attached  Itnioinj  tyrosin,  glncosjttnin.  or 
glycofoU,  and  to  tliost*  ngtiln  i?ulpl»iir,  ioiline,  or  iron.  Trejitmont  of  pivteid 
with  20  per  cent,  hydrocliloric  acid  or  tryptic  dige>$tion  may  break  it  up  into 
lotifin,  tvrosin,  histidin,  nrjrtnin,  lysin,  otc.  Kos^el  Hponkn  of  hi>JTidin,  iu*p;inin, 
ant]  Ivi-in  as  licxon-baiH'ji,  hinre  tliey  (and  hMirin  alw))  contain  MX  atoms  of 
carbon,  and  ho  c^Ils  attention  to  the  fact  that  in  this  roft|>oct  they  are  i^^iniilar 
to  the  c«rl)oydrates.  Just  :us  oarlxdiydrates  exist  as  pdy-hexoses,  so  prota- 
niins  an<l  proteids  may  \h*  buJlt  up  us  |x>ly-hexon-i)ases.  C'dhn  has  found 
that  proteid  nmy  yield  as>  much  ai*  50  jx-r  cent,  of  Icucin. 

The  prmlucts  derived  from  proleid  in  motalMjU^m  are  different  from  the 
alKJVe.  Thus  it  has  hm-n  fuinid  that  the  bmly's  prot<'id,  the  protcid  from 
meat,  and  LrehUin,  may  all  yivM  ah(Kil  (iO  [kt  cent,  of  de^trose  in  diabetes.' 
It  has  been  further  slioun  *  tluit  the  mctabollbni  of  the  body's  proteid,  of 
e:isein,  and  of  gelatin  vieldd  betueen  8  and  4  per  cent,  of  plycoc-ull,  whieii 
may  be  eliminated  as  hij>purie  a<'id.  It  is  |Misi>ibh!  to  conceive  of  a  carbo- 
hydrate jx»rti<m  united  to  a  protamin  nucleus^  and  t4>  amitlo  bodies  such  as 
glycocoll^  {see  p.  558). 

.Midler  and  Sceman  *  liave  deolurod  thiU  the  source  of  the  sugar  in 
dial>etes  mu^^t  be  the  hexon-lnuH.*i?  and  leucin^  but  llalsey'  has  ehowu  that 
fw^linir  leucin  will  not  increaee  the  sujfar  in  diabetes.  Halsey  suggests  a 
synthetic  f  >nuation  of  snpar  from  lower  proteid  decomposition-products,  but 
a  sviithetie  formation  of  sutTJir  in  the  animal  has  never  bei'ii  shown.  It  must 
be  admitted  that  we  are  still  in  the  dark  regarding  even  the  simplest  expres- 
sion of  the  eoiistitntioii  i>r  proteid. 

It  lias  iH'en  iu][Hissi\>le  witfiin  the  linntst  set  to  do  more  than  to  glance  at 
the  proteid  bodies.  Many  facts  conccmiug  the  lielmvior  of  proteids  have 
been  mentioneil  tl»n>njrli<>iit  the  text,  an<l  cannot  be  classified  here. 

The  si/e  of  the  proteid  molecule  must  be  very  great,  an*!  one  computation 
shows  the  following  figures*  (see  ahM>  p.  577) : 


Cjw^ja^M^aA- 


^7H^ll71^m^«H^V 


Egg  albumin.  Proteid  from  bfcmuglobiD  (dog). 

It  ia  welL  perhaps,  tiiially,  to  si>eak  of  ex|H'rimeni8  winch,  however  incora- 
plete^  at  least  throw  some  light  on  the  possibilities  of  the  problem  of  the  syn- 
thesis of  proteid.     T.tlienfeld'  through  the  coudeni>atioa  of  the  ethyl-eater  of 

'  Reilly,  Nolan,  and  Liif«k :  A^nrrirtin  Jonmal  of  Phjftioh^y,  1898,  vol.  i.  p.  3»6. 

"  Parkvr  and  Lnsk  :  /ftiW.,  liKW.  vol.  iii.  p.  472. 

■  Ray,  McDt-rmon,  ami  Lusk  :  Ittiii,,  1899,  vol.  iii.  p.  153. 

*  DeutteJu:  nu<iici»u>ehe  Woehrnachnft,  1899,  8.  209. 

*  8itnntf»l>rrirhie  Htr  Qt»eUM-haJt  rur  Titfardrrung  dtr  ^aammttn  NaturmsamKhafieH^  lu  Marhury, 
1899.  S.  102. 

*  BnnKC  :   Phytiioiwfi»ehe  CVt»i>,  3d  ed.,  1893,  S.  56. 

'  Verbanillungeo  der  Berliner  phrsiulugischeo  Gesellachaft,  Arehiv  fSr  Fh^oto^r,  1894, 
8.383. 
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glycocoll  has  obtained  a  body  insoluble  in  water,  but  swelling  in  it,  forming  a 
gelatinous  mass.  The  substance  gives  the  biuret  reaction,  is  insoluble  in 
alcohol  and  dilute  hydrochloric  acid,  but  dissolves  in  pepsin-hydrochloric 
acid.  These  reactions  show  its  kinship  to  gelatin.  Lilienfeld  likewise  de- 
scribes a  synthetically  formed  peptone  and  a  coagulable  proteid,^  the  peptone 
formed  principally  through  condensation  of  the  above-described  product  with 
the  ethyl-estei*s  of  the  amido-  bodies,  leucin  and  tyrosin,  the  proteid  from  the 
same  with  addition  of  formic  aldehyde.  Grimaux  likewise  has  produced, 
with  other  reagents,  colloids  which  resemble  proteids.  Probably  none  of 
these  substances  are  native  proteids,  but  tliey  furnish  indications  of  lines  of 
attack  for  the  future  mastery  which  in  time  is  sure. 

^  Verbandlungen  der  Berliner  physiologischen  GeselUchaft,  Arehiv  fur  Pkysiohgie,  1894, 
S.550. 
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Chohijfogiies,  240                                                              ^^^H 

^^^^^H            Carbonic  acid,  liiL^mical  i-oiistitulioii  of,  545 

Cbuk-stL-nii.                                                                       ^^^H 

^^^^^H            Carbon    niono&iile,    Hl>Drirjitioii      s|ivtti'uiu     vt, 

Htuiiunt  uf,  in  tbe  lilixid,  51                                        ^^^H 

^^^^M 

distri}iutiun  of,  325                                                      ^^H 

^^^^^H                  Luni|>osition  uf.  38 

L-xc  ret  lull  of.  325                                                           ^^^H 

^^^^^H                    projiertiof  of. 

uf  the  bile,  243                                                             ^^H 

^^^^H           Carboiiiuonoxidr  bu^inoglubin,  517 

uf  milk.  201                                                                   ^^H 

^^^^^H 

<if  Aphnreons  MMTetion,  257                                         ^^^^H 

^^^^^H            CarbututtL-d  [lyiluigi-ii  inlulnthni,  440 

Cbuk-tL-liii.  574                                                                       ^^^H 

^^^^H            C^idinc  cL'utre.  uu(!iiit-utor,  177 

cbrilin.  r.n.5-13                                                 ^^m 

^^^^^H 

Cholo-ha'tuutin.  323                                                         ^^^H 

^^^^H                cycle*,  aiiuly&is  uf,  1^2 

CtuMidiuilx-  »cid,  578                                                     ^^^H 

^^^^H                    defirtiiiuii  uf,  104 

Cliundro-uuicoid.  578                                                      ^^^H 

^^^^H 

Chordu  tympHiii  ui-rvc,  va«o-diIator  funetion  of.              1 

^^^^^H                dyspna-a. 

ia4                                                                 M 

^^^^H              excitattuu,  iiio[iaf!ation  of.dur^ag  vagus  stlni- 

CbnrdEU  tendiitew,  109                                                     ^^H 

^^^^^H 

Ch  rcimatln,  22,  28                                                             ^^H 

^^^^H 

Clirnmu-pruteids.  .^76                                                      ^^^H 

^^^^^H                ucTVi-s,  unatoiiiy  of,  159 

Cliriimn<;oini--s,  22,  2d                                                           ^^^H 

^^^^^H                                            uf.  171 

r:iiym<;.  2M7,  -.a^i                                                   ^^H 

^^^^^H                                      l-'Hl 

Cin-ulating  pioleid,  dcAuition  of,  846                       ^^^H 

^^^^H                        frogs.  IbO 

CJreulatiuii,  capillarv.  velueity  of,  83                         ^^^H 

^^^^^H                    of  muiniiiaN. 

('«Tt'brul.                                                                         ^^H 

^^^^H           Cardio  intiibilory  ceutre,  respiratory  variatiuua 

uf  hyilriudiL-  acid,  509                                                  ^^^|l 

^^^^B 

of  hydrritlnoric  ucid,  510                                            ^^Hi 

^^^^^H            Cardio-piii!iirnutic  oiuvemcDts,  412 

of  Ihe  bile.  323,  324                                                           ^^Hl 

^^^^^V             CardiuRraui, 

of  the  blood,  causes  of.  77                                          ^^^|l 

^^^^^              CardiomL'tcr,  lOtf 

delluilion.                                                                  ^^^Hi 

^^H                       Caruiii.  TiSi 

d^scovrry                                                                          ^^^^| 

^H                     Casein.  2tit 

niiiToM'upie  appearances  of,  80                            ^^^Hi 

^^H                       composition  uf,  579 

^^^H 

^^H                         curdling  of.  by  ucidd,  296 

pnlniunary,  78.  103                                                   ^^^H 

^^V                             bv  ri-iiniu.  2^"! 

7l»,  ttH                                                             ^^H 

^H                      Catalysis,  282.  503 

IU3                                                                  ^^^H 

^^1                      (  ell-d j fl't^ ren tiatioii,  22 

^^^H 

^H                     Celldi  vision,  20 

CirciilatioM-time.  79                                                        ^^^| 

^^L                  Cell-itrftuules  of  glandular  epitbelium,  216 

Ctiitiuie.  influence  of,  on  body-tempermtnrOf  40)     ^^^| 

^^^K           CelluloM.  565 

rUithJiig,  InOitence  uf,  ou  hcat-losB,  486                      ^^^H 

^^^^^H           ^utT9,  augiueutur  of  (be  heart,  177 

ClutUiiK  "f  the  hlwMl.  .55                                                 ^^H 

^^^^^1              cardioJnbibitory,  17(i 

ofni)Jk.295                                                                   ^^H 

^^^^^1               deffH-ation,  :i87 

Clupeiii.  580                                                                             ^^^| 

^^^^^B               digluMtion.  377 

COj  itiminutioii,  cutaneon*.  258,  34S                            ^^^| 

^^^^^H                expimtor)-.  157 

diiiMiu  niM^uliir  work,  -iiil                                    ^^^H 

^^^^^^H 

^^H 

^^^^H                mictutitio'ii.  391.  393 

ConKiihitci)  [rrntfidfi,  pmportifw  of,  578                        ^^^H 

^^^^^H                p«iipheral  tifdcK,  178 

CuafiulMtini;  cnKyuies,  deflnittuti  ii(.  2(t0                       ^^^H 

^^^^^H                rt^pirutory. 

Oiu^iulatluii  uf  the  blood,  aoceleraliug  agenta      ^^H 

^^^^^M               salivary  secietory,  230 

uf                                                      ^^H 

^^^^^1               sweat,  260 

conditions  tircessary  for,  57                                   ^^^H 

^^^^^1              themiofccDic. 

du»cnptii>n  uf  the,  54                                              ^^^| 

^^^^^H                va»o-iuutor,  19H 

nature  of,  00                                                                   ^^^H 

^^^^^M               voniiting.  389 

inirHvn^L-iilar.  50                                                       ^^^| 

^^^^^H            Ci>ntripi!tjil  uurvt^  uf  the  heart.  171 

retarding  iufliienees  aOucliDg,  61,  6S                    ^^^H 

^^^^^H            Centrnsrxne, 

theorti-i  uf  the.  .Vi,  5<!                                                  ^^H 

^^^^^H           Cvrt'bral  circalalinn.  203 

time  taken  by  the,  55                                           ^^^H 

^^^^H                  cros8cd, 

UHCS                                                                                                                  ^^^H 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^Hf'S 

Ik  '^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H^                                 ^^^^^^^^1 

^^^^^I^^^^^^^P                                                ^^^1^         587        ^^M 

I         Cwwiilation  of  milk.  'ZHTy 

Deglutition,  apnoMi,  442                                                  ^^^^H 

H          Coctkiiib,  fflect  ul*.  oil  iutcatiiml  mDf«nientft»  384 

centre  for.  .'fT?                                                                    ^^^^^H 

■          CovtUciciit  or    ab»or[itinn  <il    liiiuiiK   Tor  gnaea. 

of,  375                                                           ^^^^^^1 

■                          414 

nervotts  regulation  of,  37<{                                              ^^^^^H 

■          Coffee,  notritive  value  of,  Xj7 

Dcmllttucf,  21»                                                                              ^^M 

W          Cold,  etTot't  uf,  on  coaguUtion  nf  thv  blocx).  fll 

DepreiHor  nerv*-,  172,  203                                                     ^^^^^B 

CollAKea,  5H0 

Deutero-proteosc-,  dullnitiun  of.  QO.t                                 ^^^^H 

Colhiia,  ruH 

Dextrose,  action  of.  on   the  brurt,  I'll                             ^^^^^H 

KtilMtaiice  uf  tlitt  tliyroitl,  srcretion  of,  2tiB 

amount  of.  in  (he  blood,  51,  317                                   ^^^^^| 

CitlnBlrum  corputicles.  origin  uf,  263 

origin  of,  54t3                                                                      ^^^^^H 

drtiiiition  of. '.^04 

nxidacioii  of.  in  the  tissues.  317                                 ^^^^H 

C«)ii)Muu«I  pruteids,  579 

»tora^t;  of,  5*i;t                                                                                  ^^^^^H 

Ctiuihiislitin,  bin 

Dtabcte*!  meltitu^.  dextrose  excreted  in,  354, 5^                  ^H 

(■((uiviili'iit  of  foods.  365 

fatty  at-idf  in.  .Vitt                                                                   ^^M 

(\iiiitMloiieii.  257 

on  pruU-id  (lurt,  3^)                                                                      ^^H 

t'oiiiplomontal  air.  427 

pho»[>luirn>^  t^Kcretion  in.  515                                                ^^1 

OmiiireasciJ  air.  rfspiralitin  »(,  4.'i2 

ri'tatiuii  of  (he  pancreas  to,  266                                          ^^M 

Court imeiit^.  nutritivf  valtit*  nf,  X>9 

Dlalvf^is,  vlclinitmn  of.  ti.'                                                                   ^^M 

C^tiidiictivity  of  ItvluK  umtu-r.  '^1 

of  Huluble  ijul>siunrf>t,  Ii9                                                                ^^| 

Cniidurttun    in    the   hcarC   of    (he   coutnction 

Diapburedcs.  ctt'i-ct  of.  un  heat  dijistpatioo,  480                       ^H 

Wive.  154 

Dinpbrngw.  moveiuents  of,  398                                                    ^^| 

Con((o-rt'd  tt'M  fr»r  tniiicnil  lurids,  2W* 

DtastaKe,  2»0                                                                                     ^H 

CoigtiKBtt'd  sul|ihalo«.  uutrilive  history  of.  340 

Diantatic  eu2yme».  2ciU.  566                                                          ^H 

CoiiH'iuiHiit^'i.  V!' 

Uicrultc  pulne,  144                                                                       ^^^^^B 

Ctiiaractility  nf  living  matter,  31 

wave  of  (he  pulffc-curve-,  143                                          j^^^^H 

of  plain  ninwrle.  ^70 

Diet,  acccssitry  arlKli.*.*i  of,  357                                        ^^^^H 

Cmitraction  volume  of  the  heart,  105 

nverag<^-,  for  man,  ^166                                                       ^^^^^H 

wave  of  ibe  hi'art,  rate  of  propnKalion  of,  153 

DieteticK.                                                                                 ^^^^H 

Curuiiary  artc-rie^,  aimtuiuy  of.  17!l.  18(1 

Ditftrt-ntial  manometer.  131                                              ^^^^^H 

ligation  of.  IHl,  183 

I>ifrn<<ion.  dcfinidon  uf,  65                                                  ^^^^^H 

circulation.  «9ucl  uf  viMitricular  «yatole  un, 

^^^^^H 

185 

through  membrane:),  66                                               ^^^^H 

Toluino  of,  ]H4 

Digaatnc  muiwle,  372                                                           ^^^^^H 

veins,  clixiure  of,  184 

Digestion,  action  uf  ukohol  on,  535                                ^^^^^H 

Corpora  Aranlii.  lit! 

gastric.  2K7                                                                    ^^^^^H 

CorpU!«cleit,  colostrum,  2&i 

in  the  large  intevtiuc.  30U                                               ^^^^^| 

of  (he  blood.  45 

influence  uf,  on  respiratory  exchanges,  431                        ^^1 

•Mlivar.v,  2Kf 

inu-stinal.  2^9                                                                         ^H 

C4irt*x  ct'P'hri.  connerlion  of,  with  the  respira- 

of fats,  :J05                                                                               ^H 

tory  leulre.  4ta 

of  protelds.  292.  301 

Cortical  stiiniiUtion.  vaanilar  fffcctb  of,  t302 

of  starch.  2H4 

Co«(hI  retpiratioti,  deflnitiou  of,  3BB 

pancreatic.  :U)|,  ^}8 

Cou^thing,  454 

purpose  of,  2«o 

Cuugha,  sympatlielic,  455 

aalivary.  283 

Crab^xtraot,  lynipliHUOKio  action  of,  73 

DigitJills.  effect  uf.  on  tb«  respiratory  rhytboi. 

Croatln,  chemical  con<.titutioii  uf.  550 

425 

nutritive  bisiory  of.  33iK  55t 

Dioxyanetoue,  .ViH 

Crratinin,  551 

Dioiypheuyl-aifiic  acid,  570 

nutritive  hitttorv  of,  33SJ 

DisacchurifieA.  5**4 

Cn-Ail,  'ytm 

digestion  <ir.  iMirt 

elimination,  ^^0 

Disassimilation.  definition  of,  19 

Crossed  cerebral  circulation,  443 

Dissociation  of  electrolytes.  67 

Crying.  454 

Diuretics,  action  of,  254 

Crystalloids,  difnision  nf.  tK» 

Drinking-water.  5(H 

CrysljiU  of  <_'0-h»'muKlobiu.  40 

Dropsy.  147 

of  hiumiii.  44.  57;t 

DrowtnuK.  phenomena  of.  445 

of  hiemoplobin,  'Jii 

resuscitation  from,  445 

Cutaneous  nerves,  induence  of,  on  r«Bplratiou, 

Drugs,  action  of.  on  body-temperatare.  4?2 

AKK 

on  saliviiry  glands.  'J22.  'J2U                                                          , 

respiration.  4tS 

on  !4Wiut>^tands.  -^id 

M*eretion.  257 

on  thermogpne&u.  4^4 

Cyanamido.  542 

on  ihermolTsis.  4HM 

Cyanogen  gaA,  541 
inbalalioti.  440 

Duct  of  lUithollh.  217 

nf  Kivinns,  217                                                                                    , 

Cynnrculc  arid,  571 

of  Sttuisim,  217                                                                                     1 

C\-J!tcio.  54tt 

of  Wharton,  S17 

(>stia,  547 

of  Wtntung,  331                                                                                    ' 

Cytology,  definition  of,  31 

Dyj-IysiM.  .544 

Cytoaiu,  57!l 

Dysi»rj«ia.  (auHo  of,  .'HW 

DyHpncva,  dednilton  nf.  441                                                                       \\ 

—           "Dasokroits  region."  if7 

effvcl  of.  on  intt-^tinal  niovcmcnta.  3M                                      , 

m          l>cconii>«jrtitioti,  bacterial,  in  the  intestines,  300 

pbt-rioiii'Mia  nf.  444 

■          Defecation,  3H*i 

varieties  of.  443,  444 

■          Ivtihriuateil  bltKKl.  definition  of.  34 

H                    pii-pamtt(in  of,  55 

i*::<-K  fistula.  :f30 

H         Deglutition.  372 

Gd'fttlUn.  nTT 

H            analysiii  of,  :t76 

Kffvrent  respiratory  nerves,  403 
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^^^^^H             Tjfv  albumin,  absorption  of,  315 

Fats,  dynamic  value  of,  A7h                           ^^^^^^1 

^^^H          Eia-st  II .  rm 

emulsiflcjition  of,  3(M)                                       ^^^^^^H 

^^^^^H              Electrical  changes  ia  active  f;lands.  231 

ganlric  lUgestion  of.  2*.f7                                           ^^^H 

^^^^^H                       in  thf!  httatiMR  heart,  15:^,  l.Vi 

nntiitivc  value  uf,  277,  :i50                                          ^^H 

^^^^^H                       ill  tbe  heart. duriiiK  vHgus  htiinuljktion,  164 

^^H 

^^^^H               Electrolytes,  tk'finition  of.  07 

origin  of,  in  the  body,  351,  560                             ^^H 

^^^^^H               EinijEratioii  of  leurui'j'tea,  H3 

relation  of,  to  glyt!o>;(_'n  ftrrniHtiAn,  ^129                 ^^^| 

^^^^^H              Kiniihvftfioii,  inMiii>ii<-r  uf,  on   the  respiratory 

syutlirsJH  of.  frvitu  fiitly  acid-t,  558                          ^^^| 

^^^^H 

Fatty  acids,  monubiLAic,  532                                         ^^^| 

^^^^^1              EmuUtficatJoti  of  TatH,  :UMt 

degeiicratiiin  in  phoHphonis-poiftouing, ')14                  V 

^^^^^H                      influeDco  of  the  t'ile  <iu,  307 

Fe«:«s»  composition  of,  311*                                                     M 

^^^^^B              Emulsion!),  prepuration  of,  3U7,  •'ir>!4 

Fullicttcid,  543                                                            ^^B 

^^^^^H              Kndocardijur  pressure   (see  Inlnu-ardiac  pren- 

Fermentation,  alcoholic,  535                                       ^^H 

^^^^^H 

lactic,  545                                                                      ^^H 

^^^^^H               Eufinatu,  nutritive.  .'{15 

Ferments,  unorganized,  279                                      ^^H 

^^^^^H               Energy,  iH>(4inliit1    of  foods,  'MH 

Ferratiin  52H,  '>2fi                                                           ^^H 

^^^^^H                En/viti^  nctiun.  thL-orieA  of,  '^Z 

Ferric  iih^spliates,  528                                                  ^^^H 

^^^^^H                   slyr'olytic,  354 

Ferrosulphi'lt',  528                                                         ^^H 

^^^^^H                Kn/.yuu'^  t:liU3iricjttion  of,  *4!S) 

Fever,  iKMly-  r** iiiiwratur«  in,  472                             ^^^H 

^^^^^H                   composition  uf,  37U 

cause  of,  473                                                                 ^^^H 

^^^^H                   dnfinitiou  of,  27M 

efiVct  of.  on  hlood  coagulation.  55                        ^^^| 

^^^^^H                   eiriLi  of,  oil  blood  coagulation,  63 

un  Ihi-  respiratory  rcntre.  458                               ^^^H 

^^^^^H                    gfiifrut  proprrtic^  of,  281 

heat  disNipalion  in.  4Mt                                                ^^^H 

^^^^^H                   modu  uf  autiun  uf,  282 

Fibrillar  contraction  of  tbe  heart.  Ibl.  1^3             ^^H 

^^^^m                  of  pancrcatir  juice.  332,  '.*3&,  301 

Fibrin  ferment,  56                                                         ^^H 

^^^^^H                   iMtlubility  of,  281 

altsence  of,  in  circulating  blood,  61                   ^^^H 

^^^^H               Etrsinophlfes.  47 

nature                                                                        ^^^| 

^^^^^H               KpiKunuio.  5.>l 

of.  59                                                              ^^^H 

^^^^^H               Epinephrin,  272,  572 

]ire[iuration  of,  59                                                   ^^^| 

^^^^^H               EpJsartii). 

mode  of  deposition  of,  54,  55                                  ^^^H 

^^^^H              **  Ercciiuu  "  of  the  heart,  lU 

Fibrin-globulin,  56                                                         ^^^H 

^^^^H              Erectorc's 'tpinte  muscles,  respiratory  action  of. 

Fibrinogen,  53,  54                                                               ^^^^| 

^^^H 

Fibriuoplustiu,  50                                                           ^^^| 

^^^^H                ErythrfibliMts. 

FirtttioiiHnical,effi'Ct  of,  on  gastrtr(i«cretion,S39  ^^^^B 

^^^^H                Erythru^k'xtrtii,  285.  56B 

Filtratiuti  iirote^scs  in  wcretiou,  213.  215                        1 

^^^^1                Erytbrnsu. 

Flavors,  nutritive  viiluu  of.  359                                           J 

^^^^^H              Esi-jipL'  of  tlie  hoiart  from  vagus  inhibition.  153 

Fluorine,  occurrence  of,  510                                        ^^^H 

^^^H              Elticr.  rtbvl.  :m 

Food,  i:umhuBtiou  equivalent  of.  365                       ^^^H 

^^^^M               Etbcn^al  fi^i]|)lmtcs.  506 

deHiittinn  0^275                                                        ^^^| 

^^^^^H                               the                572 

dynuitiic  VAJue  of.  :i6l                                                   ^^^| 

^^^^H                Ethers,  propcrturs  of,  536 

efTecl  of.  on  respiratory  activity,  431                     ^^^| 

^^^^B                Ethyl  nlrobul.  ri35 

energy  llberMlcd  by,  474                                                    ^ 

^^^^H                Ethvlamtne.  541 

influt-iict^  of,  on  tUerrnogeiiesis,  484                                    m 

^^^^B               Eudiometer. 

rate  of  movement  of.  in  tbe  intestine*.  314                  1 

^^^^H               Eii|HHEa,  dc6nitlon  of,  440 

Food  stuffs,  classiticntlon  of.  276                                          1 

^^^^H               Exntjtioti.  cardiac,  (>lis;tni:al  variation  in,  15.1 

composition  of,  27!*                                                           1 

^^^^^V                       propufiatioD  of,  153,  154 

LiebiK'8  classlficatlou  of,  346                                         1 

^^^^H                    wave,  cardiac,  152 

Force    of    ventricular    systole    during     vagus            1 

^^^^^^                 Excretiu,  *K'currenr«  of.  in  fiM-e*,  :J30 

Htimiilittioii,  1(>3                                               ^^^fl 

^^F                        Excrt^tions,  dcfiiiilion  of,  2]'l 

Formic  acid.  534                                                               ^^^| 

^^H                         Exorcise.  eUect  of  ou  uietabulism,  359 

aldehyde.  533                                                              ^^H 

^^H                                   on  pulse-rate,  121 

Formose.  nyiillu*«ifl  of,  5;i3                                                        V 

^^H                         Expiration,  furcinl,  muiiclcsof,  407 

Frequency  nf  respiration,  conditions  affoctinc,           m 

^^H                            movf^monts  of.  406 

425                                                                      ^J 

^^H                           Expiratory  t-entrt*.  457 

relation  of,  to  the  pulse-rat«,  496                      ^^H 

^^^^^                Extirpalion  of  tb«  liver,  330 

^^^^1 

^^^^K                         tbe  puncrca-s,  26fi 

( Ja LAC-Tose:,  .5«}2.  5fU                                                   ^^H 

^^^^H                                thyroidv  2KH 

(4all  bladder,  motor  nerves  of,  346                               ^^H 

^^^HF               Extractive<i  of  the  blood,  50,  51 

(ialvunic  ciirieiit.  effect  of,  on  the  heart  apex,      ^^H 

^^^H^                 Eitracts.  adrenal.  271 

\TAi                                                                                           ~l 

^^^^^                                       274 

(innglioii-L-etk  of  the  heart.  148                                   ^^J 

^^V                            testicular,  273 

OMiigliou,  submaxillary.  219                                       ^^H 

^H                           thyroid.  2tt9 

Qa.*)  analysis.  421                                                         ^^^| 

^^H                         Ezud.ition4,  Hecretlon  of,  215 

liaspunip.  deHirri|ilion  of,  420                                     ^^^| 

Gaseou>i  intf-rrbunges  iu  the  luDjcs,  410,  417           ^^^| 

^^1                       Pat,  affinity  of  cell-RubsUnce  for,  568 

in  the  ti^^ues,  41U                                                   ^^H 

^^H                             nutritive  history  i>f,  55!* 

Gaoes,  abs<irptiou  of,  414                                             ^^H 

^^1                             origin  of,  from  c»rl>ohydrat«s,  352 

in  the  large  intestine,  320                                         ^^^| 

^^1                                    from  proleid,  :'^1,  5(K) 

in  the  bhxHi.  respiratory  changes  in,  41)             ^^^H 

^^H                         FatitlMorpf  inn.  inlliienro  of  hile  on.  385 

of  the  saliva,                                                                     ^^H 

^^H                                mecbniiism  of,  'MB 

Ian-  of  partial  pressure  of,  413                                   ^^^| 

^^H                        Fat -combustion,  e4|uivalcnt  of,  305 

poisonous,  inhalation  of.  440                                ^^H 

^^H                        Fat  r<irmation  in  tbe  tiody.  351,  H'JO 

Bolutions  of.  415                                                          ^^^Hl 

^^H                        Fat'metalHiltHni,  ncetoiie  formation  in,  537 

Gastrir  digestion  of  proteids.  292                           ^^H 

^^B^                     Fato,  absorption  o(,  in  tbe  stomach,  313 

value  of,  2^^)                                                                  ^^H 

^^^^^                  action  of,  on  gastric  secretioD,  241 

flatulK.2)^                                                                        ^^H 

^^^^^B                   digestion  of,  3U6 

glmuds,  histology  of,  S37                                       ^^^| 
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Gastric  fflands,  secretory  changes  in,  242 

juice,  acidity  of.  289 

sctiou  of.  ou  carbohydrates,  296 

on  milk,  296 
antiseptic  prottvrty  of,  286 
artificial,  prc[>aration  of,  291 
composition  of,  238,  288 
methods  of  obtaining,  287 
mineral  conntituents  of,  530 

secretion,  inhibition  of.  241 
nervous  regulation  of,  239 
normal  mechanism  of,  240 
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^^^H                   Metapliuflpfaonr  ikt'id.  .~il4 

on  tile  rati'  of  rrspiration,  <26                      -^J 

^^^H                  Mftlianv.  orii;in  uf,  532 

on  the  respiratory  exchanges  433                ^^ 

^^^H                  Methannuplubin.  44.  373 

on  the  respimtory  riuotieul.  43ri         ^^^H 

^^^H                  MftluKl><,  phyAtolDeieal,  31 

on  the  sneat  KlAnds,  2(i0                        ^^^^H 

^^^H                  Motliyl  aiiiido-acetic  acid,  538 

on  th<'  venous  circulation,  95             ^^^^| 

^^^^H                Mi'thyluuuno.  511 

Mycmk'rma  ui*eli.  537                                       ^^^^H 

^^^H                   Methyl  merraptan,  534 

Wylo-hyoiili  iDUM-lf,  .'{72                                         ^H 

^^^H                      seletiido,  5.'t4 

Myogunic  theory  of  the  causation  of  the  hettrtf^H 

^^H                      lelliirido.  534 

beat,  loit                                                         ^H 

^^^H                      violet,  in  t<»ting  for  mineral  acids,  289 

MyohftMnatitu  57B                                                   ^H 

^^^H                  MictOIu^,  definition  uf,  25 

Myo>>in,  absorpliuu  of,  315                           ^^^^H 

^^^B                   Ml<!turition.  d>i\i 

Myxmlenm,  2ti9                                                 ^^^H 

^^^H                       centrt'  for.  3f»L.  3^3 

^^^^^1 

^^^H                      nervous  uitrhanistu  uf,  392 

Nativk  albumins.  577                                    ^^^H 

^^^H                 Milk,  coinfioVilion  of.  261 

Negative  irre^Murc  in  the  anriclca,  137               ^H 

^^^^1                      iniiieml  cou:ttituentji  uf,  530 

the  heart.  9iy                                        ^^^^H 

^^^^H                    [inrmul  secretion  of.  264 

the  tbomx,                                         ^^^^H 

^^^^H                    Milk-'^Uf^ir.  .*i65 

in  the  veins.  94                                       ^^^^^| 

^^^H                  Millou'H  reaction  for  protvida,  676 

variation  <>f  the  heating  heart,  153                  ^^| 

^^^H                          nature  uf.  569 

Nerve,  uuriculo-temporal,  218                              ^^| 

^^^H                                       phenol.  569 

cbordji  tynipani.  194,219                             ^^^^H 

^^^H                  Mineral  acidK,  tests  for,  2d9 

cumnary,  of  the  lurtoise,  164                     ^^^^^| 

^^^H                    consiituuuis,  amount  of,  in  the  tissues,  530 

depressor.  172,  203                                         ^^^H 

^^H                 MitoHift. 

facial,  secretory  fibres  of.  219                              ^^| 

^^^H                 MuK'cuIeK,  ]ihysica1  aud  physiological,  35 

gluHso-pharyngfal,  secretory  fibres  of,  218       ^H 

^^^H                 Mouonuclcur  leucocytes,  4A 

.lacobsun's,  OlH                                                        ^H 

^^^H                  Morphin,  ttFi'Ct  nf.  on  htMiy-teniperatnre,  472 

Itiignal,  M'<'retf)ry  fihres  of,  219                           ^^H 

^^^V                  Mouth.  tetti|>erature  in  the,  169 

small  superficial  iietrosa).  218                     ^^^^H 

^^^B                Mucin  of  bile.  325 

vagus,  cardiac  branches  of,  159                ^^^^H 

^^^H                      of  KOAtric  jnico,  288 

gastrii:  limiit-hrs  of,  :tHl                            ^^^^^| 

^^H,                     of  Kaliva,  '2KK 

lininrheHof.  385                      ^^^^^| 

^^^H                     physiological  value  of,  221 

ptiluuitHiry  branches  of.   165                     ^^^^^| 

^^^^V                      properticj*  of.  ,578 

rer^pinituiy  functions  of.  459                   ^^^^H 

^^^^1                     vecretinn  of.  217 

secretory  fibres  of,  2:t2,  239                                  ^H 

^^^^1                  Mucous  iilands,  histolocy  of,  216 

trophic  jnfiueiiee  of,  on  the  heart.  166  ^^^^| 

^^^H                    Miiller's  experiment,  452 

Nervi-iMidinL'^  in  (he  Uver,  245                      ^^^^H 

^^H 

lfi<'  Milivnry  t^land^,  '^^JO                        ^^^^^| 

^^^H                  Mu&carin.  543 

Nerves  an^ntentur,  of  the  heart,  167           ^^^^H 

^^^H                      action  of.  on  the  heart,  150 

cardiac.                                                              ^^^^| 

^^^^^^          Muscle,  d>ua.<4tric.  372 

cci'vicnl  sympathetic.  193                            ^^^^H 

^^^^^^^L            irenio-hyoid.  372 

depresiuir,' of  the  heart,  172                        ^^^^H 

^^^^^^^B             Klyrogenic  function  of.  330 

of  the  bile  vessels,  248                                   ^^^^H 

^^^^^^^H            involuntary,  properties  of,  370 

^^^^^1 

^^^^^^B            ttiuiweter.  37:^ 

sentnl.  of  the  frog's  heart,  166                  ^^^^1 
sphinchnic,  173                                               ^^^^H 

^^^^^^V            mineral  constituents  of,  530 

^^^^^^F            myl'i-hyotd.  :t72 

trigeminal.  4*{3                                                 ^^^^B 

^^^^^^H              ohilquus  L'Xternus,  407 

Nervi  ententes,  intestinal  brancbM  of,  385         ^f 

^^^^^^L                 intcrnus,  107 

Neukoinm's  test  for  bllo  acids,  546                       ^1 

^^^^^^H            pt^rvfioid.  external,  372 

Keuriditi,  543                                                                ^H 

^^^^^H 

Neurin.  543                                                                   ^H 

^^^^^^^B            pyniintdalifi. 

Neurogenic  theorr  of  the  canastion  of  the  beart^^H 

^^^^^^^1            tetuiHinilis.  3Ti 

lieat.  149                                                              ^1 

^^^^^H           traiisver^alia  abdominis.  407 

Neuro-kenitin,  5^0                                                   .^B 

^^^^^^^1           trap«8ius,  405 

Neutral  saltti,  eflccC  of,  on  blood  eoagiilation^  ^'^l 
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Nentropbilefl,  47 

Ktcotin,  action  of.  on  intestinal  movements,  384 

on  secretory  nerves,  229 
Kitric  oxide.  512 

hrmnglobin,  39.  512 
Nitro^n  equilibrium,  defiuition  of,  344,  512 
history  of,  in  the  body,  512 
inhalation.  440 
occurrence  of,  510 
of  the  feces,  320 
preparation  of,  510 
fusion  of  the  blood,  417 
KitrogenoDs  eqoilibriam,  definition  of,  344,  512 
excreta  of  milk,  262 

of  sweat,  259 
extractives  of  the  spleen.  333 
metabolism,  estimation  of.  343 
Nitrous  oxide,  inhalation  of,  440 

properties  of,  312 
Koeud  vital,  456 
Nucleic  acid,  579 
Nnclein  bases,  552 

composition,  558,  579 
Nurleo-histon  of  the  blood-plates,  49 

relation  of,  to  intravascular  clotting,  61 
Xucleo-proteids.  classificHtion  of,  577 

properties  of,  579 
Nucleus,  functions  of.  22 

relation  of,  to  oxidation,  503 
Nutrition  of  living  matter,  18 
Nutritive  value  of  albuminoids,  349 
of  carbohvdrates,  353 
of  fats.  a~iO 
of  proteids.  276,  345 
of  salts.  .'{54 
of  water,  354 

Obliqws  externus,  respiratory  action  of,  407 

iuternus,  respiratory  action  of.  407 
Occlusion  of  the  bile-duct,  effect  of,  249 
<£dema,  148 

(Esophagus,  deglutition  in  the,  374 
Oils,  effect  of,  on  gastric  secretion,  241 

on  i»ncreatic  secretion,  236 
Oleflnes,  542 
Oleic  acid,  541-5G0 
Oncometer,  255 

Oopborin  tablets,  action  of,  274 
Opening  of  the  chest,  effect  of,  on  heart,  115 
Opium,  effect  of,  on  respiratory  rhythm,  425 
*'  Organeiweiss,"  346 
Omithin.  552 
f>rthophosphoric  acid,  514 
Oiazones  of  glycoses.  502 
Osmosis,  definition  of.  65 

relation  of.  to  sccretioii.  213 
Osmotic  pressure,  definition  (if.  65 
method  of  determining,  07,  (>H 
relation  of,  to  concentration,  66 
Osones.  preparation  of,  502 
Osteomalacia,  Ty'iX.  525 

ovariotomy  in,  274 
Osteoporosis.  525 
Ovariotomy,  effects  of,  274 
Ovaries,  internal  secretion  of.  274 
Oxalate  solntions,  effect  of.  on  blood  coagulii- 

tion.  O^i 
Oxalic  acid,  557 
Oxalnric  acid,  555 
Oxidases,  281 
Oxidation,  501 

physiological,  nopjie-Rtyler's  theory  of.  505 
Trauhe's  theory  of.  TUti 
Oxidising  cnzymeH,  'ir^) 
Oxybutyric  acid.  54^j 
Oxycholin,  543 
Oxygen,  alveolar  tension  of,  413 

36 


Oxygen,  occurrence  of,  500 
preparation  of,  501 
properties  of,  501 
tension  in  the  blood.  415 
respiratory  effects  of,  varying,  440 
Oxygen -absorption,  coefficient  of,  415 
conditions  affecting.  429 
cutaneous,  422 
estimation  of,  428 
Oxygen -dyspnwa,  444 
Oxyhtemoglobin,  composition  of,  38 

dissociation  of,  415,  501 
Oxyntic  cells  of  gastric  glands,  237 
Oxypheuyl-acetic  acid,  570 
Oxyphenyl-amido-propionic  acid,  5T0 
Oxyphiles,  47 
Ozone  inhalation.  440 
preparation  of.  502 
properties  of,  502 

Palmitic  acid,  541 
Pancreas,  anatomy  of,  231 
extirpation  of.  266 
grafting  of,  2ti7 
histology  of,  231 
innervation  of,  232 
internal  secretion  of,  266 
mineral  constituents  of.  530 
secretory  changes  in.  233 
vaso-motor  nerves  of,  207 
Pancreatic  dtal>etes,  267.  353,  563 
fiatule,  preparation  of.  '.VX\ 
juice,  amylolvtic  action  of,  305 
artificial,  301 
collection  of,  300 
compfMition  of,  232,  299 
fat-rtplitting  imwcr  of.  305 
secretion,  cotn|>osition  of,  232,  299 
histological  changes  during,  233 
'         nervous  mechanism  of,  2^ 
I         normal  mechanism  of.  235 
I         reflex  character  of,  236 

relation  of,  to  the  character  of  the  food.  237 
I  Papain.  2b0 
'  Papillary  muscles.  110 
'  Piirahamic  acid,  555 
'  Parurascin.  296 

Paramus,  5;u 
\  Paraforniic  aldehyde,  533 
i  Pareglobulin,  amount  of,  in  the  blood,  53 

com|K>sition  of.  53 
j      functions  of,  53 
j     origin  of.  .^ 
I      properties  of.  53 
j  Paralytic  scMrretion,  229 
I  1*11  rape pt one,  definition  of.  292 
j  Paranucloin,  579 
I  Parathyroids,  anatomy  of.  268 
I      function  of.  2H9 
i  Parotid  gland,  atiatoniy  of,  217 
I      innervation  of.  218 
I  Pate  de  foie  gras,  ."j^tO 
;  Pause,  compensatory,  of  the  heart,  156 
I  Pauses,  respiratory,  424 
1  Pe<titral  nms<I«s,  respiratory  action  of.  405 
'  Pendiihir  niovements  of  tbo  intestines,  3^<1 

IVnlanirthylcne-diamiu,  .>I3 
;  Peutos^'H,  562 
Pepsin.  ■*:t7,  2:t^ 
t  fftrt  of.  on  bUM>d  citagulation,  63 
'      preparation  of.  2fM 
proiH-rties  of.  -^jut 
IVpsin-hydrm-liloric  acid,  action  of.  292 
Pi'IMinogen  granules.  242 
'  Peptic  digestion.  292.294 

I  Pcpton-injection.  effect  of.  on  lymph  formation, 
73 


^^V                                                   ^^^^^^^^^^^^H 

^^^^H             Pep ton-i flection,  toxicity  of,  316 

Potsmium  salts,  toxicity  of,  520                       ^^^^^| 

^^^^H             Fvptoues.  ttbsorptiun  of.  lu  ibe  atomacb,  313 

siiU'liocyanidt:,  detection  of,  2»4                    ^^^^^| 

^^^H                  aofinition  nf.  2ft2,  295 

niLurrif-iirr-  of.  283.  542                                               ^^H 

^^^^^B                 vO*uct  of,  itu  blucMl  coagulatiou,  Qi 

uf  the  iirin(.>,  507                                                           ^^^H 

^^^^^B                  prupcrlitis  of,  2ti4,  577 

thiocyanidc,  542                                                           ^^^| 

^^^^^B               PrrfiiRion  cannulit.  187 

Pnti-ntiul  energy  nf  food,  364                                        ^^H 

^^^^^V               PL-ripIu'rnl  rt-flt<x  centres,  178 

Pressor  nerves,  202                                                         ^^^| 

^^^H              PcrJstalKis.defiuitiou  of.  372 

PresburL'.  intriK-ardiac.  107                                         ^^H 

^^^^K                   iutcstinul,  3hV 

iulralhoradr.  3!KI,  40»                                                    ^^B 

^^^^H                  of  llio  atoiuBch,  379 

intraventricular,  125                                                  ^^H 

^^^^H                of  the  u  retire.  :i^& 

of  the  lymph,  14^                                                    ^^M 

^^^^^H              Ptrrmcnhiliiy  of  tlie  capillarr  walls,  70 

Proifcptonct.  definition  of,  292                                    ^^^| 

^^^^^H              PeruxUk*  of  hydro|;eii,  MXj 

Propionic  acid,  535                                                      ^^^| 

^^^^H             Pt>ttei}k(»ftr*s  'n.>iu;tion  fur  bilu  acids,  324,  544 

Propyl  ulcohoi.  536,  539                                                 ^H 

^^^^^B               PcxhuiKcn  Ki^o^il*?^.  -4*J 

I'rntagnn,  559                                                                         ^^^| 

^^^^^H             Piluger's  hyputlif'sia  of  the  structure  of  proto- 

PnitAiuiuo,  miturc  and  origin  of,  24                         ^^^| 

^^^^H 

Protaniins.  protMTties  of,  5h0                                     ^^H 

^^^H              Phagocytosis 

Protcid.  Hdinity  nf  cell  sulistJince  for.  563                ^^H 

^^^^^H              Pharyux,  deKlutiliuu  in  the,  'S73 

cin'ulutiii^;,  deliniliun  of,  340                                      ^^^| 

^^^^H              Phi'iiaci'tuhc  acid,  560 

iiiululjolism  dut'iiig  .starvation,  3ti3                       ^^^| 

^^^^H 

L-tlV-rt  of  nniHciilar  work  on,  3tiO                           ^^^| 

^^^^^1                                      of,  ZAO 

etid-pmdiKMs  of,  337                                                  ^^^B 

^^^^H             FhL'iiyl-acetic  acid.  569 

Prntridal»f^rplion.  raechaniam  of.3l6                    ^^H 

^^^^H                PhlnridKiii  dint>etcs,  563 

Pruteirl*',  ahsorpltun  of,  315                                          ^^^B 

^^^H              PboE^pltuttM, 

clus^ifiealion  uf.  576                                                    ^^^| 

^^^^^B              Pb<Kiplt(»ric  acid,  suits  nf.  514 

color  nactions  of.  576                                             ^^H 

^^^^H             Phoflphunis,  nutritive  history  of,  515 

coiubined,  c1a<<>sirication  of,  579                                ^^^| 

^^^^^B                  occarn'uct'  of,  513 

combustion  equivalent  of.  3d5                                  ^^^| 

^^^^H 

ditfiHion  of,  70                                                         ^^H 

^^^^^B                  poisniiitig. 

dyimmic  value  of,  475                                                ^^^| 

^^^^^B                  pruparulitin  of,  513 

edfect  of,  on  Ktycogeii  furmation,  323                       ^^^| 

^^^^H                  proiK:rtit-f(  of. 

gastric  digvMion  of,  292                                          ^^^| 

^^^^^B               Phrt-nic  iifVveA,  4t:3 

general  reariions  of,  575                                            ^^^| 

^^^^^^1               Physical  uiuleculvs,  dcJliiitioii  of,  25 

general  .signific;tiice  of,  24                                         ^^^| 

^^^^^B             Physiolugica)  divitiioh  of  labor,  22 

Uvine.  theorelical  titiucture  of,  23.  34                  ^^H 

^^^^^B 

malfctilar  structure  of,  5tfl                                       ^^^B 

^^^^^B                  salt  soluiiun  in  Iratisfiisions,  ti\ 

nutritive  value  of,  276,  343                                      ^^H 

^^^^^B              Physiology,  dL-fiiiition  of.  17 

Of  milk.  261                                                          ^H 

^^^^^B                 human,  deflnltiuii 

of  the  bbKHl.  19,  50                                                 ^^M 

^^^^^B                  methods  umplnyefl  in,  30 

origin  of  fui  rroiii.  351                                                ^^^B 

^^^^^B                 subdivisions  of.  17.  '^i 

osmotic  |tres.-^uri-  of,  60                                              ^^H 

^^^B               PiKiu^'oLs  biliun-,  45, 245.  322,  530.  574 

putrefaction  nf.  in  the  intestines,  310                    ^^H 

^^^H                   hluod-.  37.  44,  573 

rapidity  of  oxidation  of,  347                                  ^^^| 

^^^^^B               Pilocarptn.  itctiou  of,  on  salivary  gluuda,  229 

iiimple,  classification  uf,  576                                     ^^^| 

^^^^^B                          nil  »>\vtral-Mlatids, 

substitute's  for,  in  the  diet.  346                               ^^^| 

^^^^^B              Pilomotor  miM'hauii^m.  tvlatioii  of,  to  thenno- 

synlliusis  of,  518,  5h2                                                  ^^H 

^^^H                                        494 

iryptic  dig<.>stiou  of,  303                                       ^^B 

^^^^^B              Pitaitary  body,  anatomy  of,  272 

vegetable.  5/i                                                               ^^^| 

^^^^^B                      fund  ions  of,  273 

Proteose  injection,  effects  of,  316                                ^^^| 

^^^^^B                       iiitHniul  At*f-n-tioii  of,  273 

Protconra,  definition  of,  292                                       ^^B 

^^^^^B                  extractK,  actiou  of,  27'i 

properties  of,  .577                                                         ^^^| 

^^^^H              Plain  niu!!cl<*,  hi»Cotog>-  of,  369 

Proteolysis,  293                                                               ^H 

^^^^^B                      phVAiuliicy  of,  370 

trj-plir,  mS                                                             ^^M 

^^^^^B                      tunu  of,  :f71 

value  nf,  315                                                                 ^^^| 

^^^^^B               Plaut-ecIU,  iissimilutlon   in,  19 

Proteolytic  cnxymcs,  definition  of,  SSO                    ^^H 

^^^^B              Plasma  of  blood.  33,  50 

Protoplu'^m,  17,  499                                                     ^^H 

^^^^^B                      oxygtMi  abfiorptiuu-co«-&iciutit  of  11f> 

Protlironibin.  58                                                                   ^^^| 

^^^^H             Plastic' foud-fttufl^,  dtfluition  uf. 31G 

Pf^eudo-mucoid,  578                                                    ^^^| 

^^^^^B               PU*thysii>»(;rAph.  I!Ni 

Pterygoid  niuscIcA,  372                                              ^^H 

^^^^^B                Pnt'tiiiialii-  cabini:'!,  453 

Plonminej«.  chemical  structure  of,  542                     ^^H 

^^^^V              Pucumocastric  iivrvv  l^ot'  Vhkus). 

Ptvalin,  221.280                                                             ^H 

^^^^^H                       pulmouary  braiidius  of.  465 

action  of,  284.  2m,  566                                            ^^B 

^^^^^1                       nfspiratoiy  function  of,  459,  460 

ifcciirrence  of,  284                                                        ^^^| 

^^^^^1               Pnouino^rapli,  1*23 

Pulmonary  ciieiilutiun,  78,  103                                   ^^^| 

^^^^^B               Poikiluthcrmoiis  aniinaU,  467 

innervution  nf,  2<»5                                                 ^^H 

^^^^^B               Polynuck'atcd  leucocyte'*,  AH 

ventilation,  forces  concerned  in,  413                     ^^^B 

^^^^H               Pulypiin>a.  441 

Pulse,  artt-rial.  cause  of,  93                                       ^^H 

^^^^H              Poital  VL-iii.  va^iHmotor  norvcs  of.  209 

celerity  of.  142                                                    ^^M 

^^^^^B               Po&iiivo    variation    of  tbn   heart  during  vagus 

dellnitinn  of.  139                                                         ^^H 

^^^^^B 

dicrotic  wave  uf,  143                                              ^^^B 

^^^^H              Post-mortrni  rise  of  tcnitK>ratun-.  4i^ 

extinction  of,  94                                                  ^^^fl 

^^^^^B               Polauium  curbotiHtcft,  nutritive  history  of,  520 

freijuenry  of.  121,  111                                              ^^H 

^^^^H                   chluridrR,  nutritive  history  of,  519 

regularity  uf.  141                                                       ^^B 

^^^^^B 

respiratory  varifttions  in  tbe  rate  of.  451                m 

^^^^^H                  oixurrvurc 

ffiiee  of,  141                                                                     1 

^^^^^H                 phosphates,  nutritive  hialory  uf,  520 

tension  of,  141                                                         ^^J 

^^^^H                 n'latiun  uf,  to  bujiri  uiuscle,  151 

trauBiuissiuD  of,  140                                         ^^H 

^^P                                               ^^^p                    ^H 

^M       PuIm,  reUtion  of,  to  body-temperature,  471 

Respiratory  activity,  conditions  affecting,  4S0                        ^^H 

^B           reA|jirat<jry,  9tt 

centrea.  455                                                                               ^^^| 

^1       Pul«v-€iirv('.  142 

afferent  nerves  to,  459                                                              ^^H 

^       Pulscrulf,  diurual  varintions  of,  131 

conditions  iufluenclng  the,  456                                          ^^H 

Pnlse-vohtrae  of  the  heart,  dcfinitiou  of,  IKi 

fcetal.  4t;4                                                                                     ^H 

Purtn,  &5.1 

rbythmicity  of,  456                                                                  ^^H 

B           bttses,  552 

food-Miutfii,  definition  of.  346                                                      ^^H 

^P              iu  leucocylhfemia,  557 

movfoiehts,  cireululory  uflects  of,  447                                     ^^^| 

H       Putrefaction,  iutefttlual,  products  of.  310 

duration  of.  424                                                                          ^^B 

■        Putresciii.  543 

effect  uf,  on  blood -pressure,  44H                                             ^^^| 

B       PyiD,  5711 

on  vououfl  circulation.  95,  IMI                                          ^^H 

Pyramidalis  mascle,  expiratory  action  of,  407 

fretiuoucy  uf,  425                                                                             ^^^| 

PyriiUn,  571 

special.                                                                                          ^^H 

^         Pyrocjitivnhiii,  5ti9 

nerves  alfereut,  460                                                                     ^^^| 

■ 

effeivnt.  463                                                                                 ^^B 

^B       QuAORATi  luiuborum,  respiratory  action  of,  399 

pauses,  424                                                                                 ^^B 

^B       Quinine  hydrochloratc,  action  of,  on  Mlivary 

presaare,  40H                                                                        ^^H 

■                       glands,  '*-22 

quotient,                                                                                          ^^^| 

^" 

durniK  hilwrnalion,  43-1                                                           ^^H 

Rarfficd  air,  roApiration  of,  45'2 

relatiuu  of,  to  the  diet,  353                                                 ^^H 

Kato  of  conduction  in  heart  tnuscle,  154 

variations  of.  437                                                                       ^^H 

^L            of  lK*nrt-hifAt.  variations  of,  1:>1 

sounds.  409                                                                                      ^^H 

^M           of  projiirt-ss  of  the  food  iu  the  intestines,  314 

Re8U!k.Mtation  fruiu  drowning.  445                                             ^^H 

^M           of  respiratory  movenientn,  425 

Rete  niirabile  of  the  Malpighian  corpuscles,  249                      |^^H 

^H            of  trausinisKioQ  of  tbu  pulw,  140 

Rbaiunose.  56*2                                                                                   ^^^| 

H        B*.-actiun,  iutlueuce  of,  ou  action  of  plyalin.  2d6 

Rlieoiueter.  99                                                                                    ^^B 

■          of  l>ile.  a-it* 

RhotDbdideU!*  luuncles,  respiratory  action  of,  405                        ^^H 

■            u(  hinofl,  :U 

Rhythm  of  the  ret^pirutory  inovemeulH,  -123                               ^^H 

^L          of  gastric  juice.  2SS 

Rhythmic  activity  of  the  vasoi'ou9trietur  cen-                     ^^H 

^^h         of  intentinal  nmitcnts.  310 

^^B 

^^V         of  i>anen>utic  juice,  232,  3f)0 

Rhythmicitv  of  the  heart,  abuonual,  152                               ^^^| 

^r         of  ^nccun  entoricua,  306 

cauae  of.                                                                                 ^^M 

■            of  i4wvat,  342 

Riba,  respirators*  movementa  of,  400                                         ^^^| 

^M            of  urine,  *250,  33-1 

Ricketti,  35H,  525                                                                                ^H 

^1        Rectus  nbdoiuiuiH.  expiratory  action  of.  407 

RtKht  lymphatic  duct.  145                                                         ^^H 

^1        Red  curpnaclcs,  heharior  of,  in  the  capillaries,  61 

Kiufier's  solution  for  tbe  heart,  190                                              ^^^| 

^B               color  of,  35 

Riviuus,  ducts  uf,  217                                                                  ^^^| 

^H             composition  of,  31 

Roy's  touumeter,  180                                                                  ^^H 

^H               dl<)intt'Knitinn  of,  45 

^^^B 

^^M              form  of,  35 

SACCHARflSE,  564                                                                                                       ^^H 

^H               fuin-tion  of,  35 

Saliva,  composition  of,  230.  283                                                  ^^B 

^H               nuiubvr  of.  35 

mineral  couititucnts  of,  530                                                       ^^H 

^^            oriKin  of.  45,  46,  333 

properties  of,  220.  243                                                              ^^B 

^^^^              of.  35 

asc«  nf.  2>«                                                                                      ^^H 

^^^^B     structure  of.  35 

Salivary  corpuscles,  283                                                              ^^M 

^^^^r     variations  in  the  number  of,  46 

glands.  215                                                                                ^H 

^B       Reduction,  502 

anatomy  of,  217                                                                    ^^H 

^B            proreasea  in  the  autmat  body,  536 

hi«tolri|;y  of,  219                                                                               ^^H 

^B         Keflex  aoeeleratiou  uf  the  heart,  177 

bistoloKical  ehaUKes  In,  236                                                    ^^^| 

^B            coufrlis,  455 

nerves  c.f,  JIH,  'J^l                                                                      ^^H 

^1            dtHcharge  of  bile.  248 

va<o-inotor  nerves  of.  222                                                         ^^H 

^fl            inhibition  uf  the  ht?art.  172 

secretion,  action  of  drugs  on,  229                                           ^^M 

^B           secretion  of  gastric  juice.  239 

normal  mt-chaniimi  of.  230                                                   ^^H 

^B          •      uf  poncn-alic  juice,  23*1 

Salkowjtki'a  reactiou  for  cholcsterin,  575                                  ^^fl 

■                 of  nalivA,  2:U) 

Salmin,  5M>                                                                                    ^^B 

^H           Tas<>-motor  ohanges,  202 

BftlMicks.  355                                                                               ^H 

^B        Reflexes  through    sympathetic  ffanKHa,  raso- 

Salt  eolation,  pbvsiolngival,  ii\)ectiou  of,  64                             ^^H 

^B                       motor,  2<^X> 

Salts,  absorption'of.  lilti                                                             ^H 

■        Refractory  period  of  the  heart.  I5fi.  15?t 

lyuipbagopic  action  of.  73                                                            ^^H 

^B        UegcncraTinii  of  bl(K»d  after  hemnrrhage.  U3 

nutntivi-  value  of,  27(i.  354                                                          ^^H 

^B         Reunin.  23i:< 

Saponification  of  fuU,  306,  556                                                   ^^H 

^fl           action  of.  on  milk.  296 

Saprin,  543                                                                                    ^^B 

^B            orrnrreiuce  of,  in  jraittric  jnice,  2&5 

Sarcin.  553                                                                                          ^^B 

^B             of  t)ie  kidneys,  274 

Sarvo-lactic  acid.  546                                                                        ^^B 

H             proivarutiuu  of.  295 

Sarcottin,  .VtM                                                                                       ^^H 

^B         Repr<iductiim  of  livin;;  matter.  18.  20 

Scaleni  mu^'lr^,  iiiiipiTatory  action  of,  401                                 ^^H 

^B        Reproiluctive  orKaus.  vaw>-uiotur  uervea  of.  20^ 

Scombriu.  5pi0                                                                                     ^^H 

^B        Residual  air,  detlniciou  of.  427 

Sebaccou«t  glands,  structure  of.  257                                           ^^H 

^B        Respiration.  artiAfiitl,  4I({ 

aecrrtiiin,  riim(M»ition  uf,  342                                                     ^^H 

^B            aasociated  ujuvt-uieuts  of,  408 

function  of,  25M                                                                          ^^H 

^B           cDUneous,  122 

physiulogicul  value  of.  342                                                  ^^H 

^H          definition  of,  31i5 

Sebum.  coni|»osition  of.  2.'i7                                                             ^^H 

^H           heat  ditMipated  in,  48*^ 

Secretiuif  glands,  electrical  changes  in,  231                              ^^H 

^m         intcnfiitv  of.42t) 

histological  changes  in,  326                                                    ^^H 

^B          internal,  422 

Sern-tion,  nntilytlc.  230                                                                  ^^H 

^^^^^  Oervons  nitHrhanism  of,  455 

biliary.  248                                                                                      ^H 

^^^Hkhythm 

capillarica  of  the  gastric  glands.  838                                     ^^H 

^       696               ^            INDEX,                                          ^M 

■ 

^^^^B            Secretion,  definition  of,  211 

Sp^^rial  refipiratnry  movements,  453 

^^^H 

^^^^B                gmHtrir,  ^0 

SpeiMalizaliou  of  I'uuvtion,  21 

^^^^1 

^^^^H               histological  chariKea  during.  236 

Spi>ciflc  sravity  of  blood,  34 

^^H 

^^^^^H                inturnal,  deftnitioii  of,  211 

of  blood-corpuscles,  'M,  33 

^^^^1 

^^^^H 

of  urine,  251 

^^^^1 

^^^^H                iiiaininary.  '«>64 

heal,  detiujtiun  of.  477 

^^^ll 

^^^^^H                                 2i;i 

of  the  hunmu  body,  504 

^^^1 

^^^^^H                pancreutic,  '2'ii> 

Spfctroseope,  40 

^^^1 

^^^^m 

Sited  rum,  definition  of,  40 

^^^^1 

^^^^^H                psychira),  of  ga«trio  juice,  33fl 

iif  Ol-lia-ninglohin.  44 

^^^^1 

^^^^^H                reiatiuu  nf.  t-o  inU'iisity  of  atiuialus»  223 

of  hift<moi;lobin,  42 

^^^^1 

^^^^H               salivary.  £0) 

of  oxyhttiDoglohin.  41 

^^^1 

^^^^m               twbareoiis.  257,  343 

uolar,  41 

^^^H 

^^^^H 

Spermaceti,  540 

^^^^1 

^^^^H 

8|H'rmin,  physiological  action  of,  273 

^^^H 

^^^^^H            Hccrclious,  genenti  tliararterifttirs  of,  213 

Hpbincter  antn  pylorici,  377 

^^^H 

^^^^^H            Svcrc'tuK'JKues  for  the  guatric  ^laiid^,  359 

pylon.  377.  3el 

^^^^M 

^^^^^H           fiecrotory  centre,  saltviiry,  23U 

urethra',  3110 

^^^1 

^^^^^H                 Abrei)  proper,  dctiiiitiuii  of,  *£i4 

vesicw  intenius,  390 

^^^^1 

^^^^^H                 uerves,  fvideiice  I'ur,  '2t2 

SplnuL-ters  ani,  3WJ 

^^^^1 

^^^^^H                   mode  of  action  of,  225 

SphyKmoKrAHi,  143 

^^^H 

^^^^^H                      of  the  adrenal  hiKties,  *J72 

SphygnioKraph,  142 

^^^^1 

^^^^B                          the  kidiitiyii.  231 

Spby^'uiomtiiinnieter,  141 

^^H 

^^^^H 

Spbyjimomeler,  141 

^^^^1 

^^^^^H                     of  the  uianiinary  jrlanda,  263 

Spinal  centreH  for  vaso-motor  nerves,  199 

^^^H 

^^^^^^H                      «if  tlie  puucresH,  23*2 

Spirometer,  427 

^^^1 

^^^^H                     of  the  btomach.  23U 

SplaiJchnic  nerves,  gastric  fibrea  of,  3m2 

^^^1 

^^^^H                     of  the  swt-at  ftlandtt.  25» 

influence  of,  on  blood-pressure,  173 

^^^H 

^^^^^H                     ttalivary,  endiu^s  of,  220 

on  respiration,  463 

^^^H 

^^^^H                   sifinidcauoo  of,  214 

intfstinal  fibreti  of.  386 

^^^M 

^^^^H                     Btiiuulation  (»f,  222 

stimulation  of,  173 

^^^^M 

^^^^^H            Uoniiliinnr               110 

Sjdeen,  comp<«itiou  of,  333 

^^H 

^^^^H            Hcusory  urrves.  infliiuncc  of,  on  rcspirattoii.  463 

function  of.  322 

^^^^1 

^^^^H                               thr 

inuervatrim  of.  333 

^^^^1 

^^^^^H                     relation  of,  U*  the  respiratory  centre,  450 

movements  of,  322 

^^^H 

^^^^H                   rcdex  intlueiice  of.  ou  the  pulsc-rute,  175 

vasomotor  ncrvef*  of.  207 

^^^1 

^^^^^H              Septal  uorveM  of  the  frog'ii  heart,  Ifi'! 

StJinnins'w  ligatures,  17b 

^^^^1 

^^^^H             S(irou<t  eavitieti. 

Stan-h,  5*:g 

^^^1 

^^^^^H             berruii  iiontiri   inferiorcd.   respiratory  function 

di^e-Htion  of,  2H4,  :«»5 

^^^H 

^^^H 

hydrolysiH  <»f.  by  acids.  286 

^^^^1 

^^^^H                   superiore.t,  inaplratory  artiou  of,  402 

by  nmylolytic  ferments,  285 

^^^1 

^^^^^H              Sorum.  httctorindal  urrinn  of,  3d 

Starvation.  eOVct  of,  on  nietaboliam,  'M^ 

^^^^M 

^^^^^H                   Klohuliciihil  action  of.  30 

KlycoKen  diHiippearHncu  duriuK,  331 

^^^1 

^^^^H                 of^motic  presume  <if.  Ca 

nutrition  dunuK,  350 

^^^1 

^^^^1                                :it; 

phosphoruH  excretion  in,  B16 

^^^^M 

^^^^H            Soium-albniuin.  action  of,  on  carboD«t«8.  517 

potassium  excretion  in,  520 

^^^^M 

^^^^^F                     amount  of.  in  the  blood,  52 

Steapsin,  232,  280 

^^^H 

^^^^H                          ntnipositiim  of,  52 

denioiiAt ration  of,  ',H}6 

^^^^1 

^                            fuuctiunn  of.  52 

occurrence  of,  305 

^^^1 

^^m                             properties  of.  52 

Stearic  acid.  541 

^^^^1 

^^H                     Bex,  influence  of.  on  beat  production.  4R2 

Slenaon'M  duct,  217 

^^^1 

^^H                              on  pul^e  rate,  121 

Stcrcorin,  575 

^^^M 

^^H                               on  respiration.  130 

Sterno-clcido-mastnld    muacles,  respiratory 

M^                    1 

^H                           relation  f^f  body-temperaturo  to.  470 

ttnn  of.  404 

^H                       ShiverinK.  3rVJ.  ll'I 

Sternum,  respiratory  movemeots  of.  401 

^^^^M 

^^K                      Siliric  aeid.  propettion  of.  519 

Stethoyraph.  423 

^^^1 

^H                      Silicon.  .M» 

Stmiulnnta  of  the  aweat  glands,  260 

^^^H 

^^H                        Simple  pmleids,  576 

pltysiolo^icul  nctiun  of,  357 

^^^1 

^^m                     Sinusefl  of  Valsalva.  Ill 

Stimuli,  artiflcial,  effect  of.  on  the  heart,  IM 

^^^H 

^^H                      Hixe,  influem-«  of,  on  pulse-rate.  121 

Klokeji'H  riaRent,  compoeilion  of.  43 

^^^1 

^H                     8kAt<d. 

StoniHch.  ubxorption  in.  312 

^^^^M 

^^H                           elimination  of,  340 

extirpation  of,  299 

^^^M 

^^H                             OLTurrrnce  of,  in  feceit,  320 

planch  of.  237 

^^^^M 

^^^                      Skin,  funilionfl  of,  341 

inimuniry  of,  to  ita  own  secretion,  297 

^^^M\^ 

^^M                         fllunds  of,  257 

iuiiervalion  of,  3ril 

^^^H 

^^H                    Sleep,  elfei^t  of,  on  metabolism.  3ti1 

movements  of.  377.  378 

^^^1 

^^H                              on  the  respiratory  quotient,  438 

muvuLiture  of.  377 

^^^H 

^^B                              ou  respfration,  424 

Striimuhrof  Ludwig,  99 

^^^^M 

^^H                      Smpfcma  prH>pntii.  2&7 

Stroutium,  .Vifi 

^^^H 

^^H                       Sneezing!,  454 

Hlryrhntne.  effect  of,  ou  bodytemperatore, 

472             1 

^^H                      Snoring',  155 

Slurin,  V-0 

^^^H 

^^M                     BohhiuR.  454 

Sublingual  gland,  anatomy  of,  217 

^^^H 

^^B                     Sodium  ammonium  pboapbate,  523 

Snbnm^ilhiry  gland,  anatomy  of.  217 

^^^m 

^^H                           carbonates,  522,  523 

Succinic  ncid.  557 

^^^^M 

^^H                           chloride,  nutritive  hiatory  of.  521 

Sucru.s  eitterirna,  243 

^^H 

^^H                           phoyphitti'H.  522 

action  of,  on  carbohydrates,  309 

'^^^^K 

^H                           sulphate,  522 

collectiou  of,  30d 

J 

Soccas  «ntericaB.  diReBtive  action  of,  908 

Tetanus  of  the  heart,  165                                       ^^H 

ferments  of,  30H 

Telrunieihylciic-diamiu.  543                                ^^H 

Suction  urtion  of  tlie  heart,  1,'M 

Theobromiii,  'lo^                                                             ^^^| 

^         Sudorific  drugs.  .260 

Tbeopbyllin,  553                                                        ^^H 

^m        SufTocAtiun  (aoc  AMiihyxmi. 

Thermfy-accelemtor  centres,  492                           ^^H 

^H        Sii){ar  it^ectiouin,  l^'niphagofric  action  of,  73 

Therniogenesis,  477                                                    ^^H 

^m         Susurs,  abnorption  of,  3l:t,  317 

meehaniMU  of,  4^9                                                  ^^^| 

^H             roti!tiimption  of.  by  the  tissues,  353 

Thermogenic  centres,  491                                      ^^H 

^H             cUVrt  of,  un  glycogen  formation,  328 

uerven,  4!>0                                                                          ^^^| 

^M               -tynthfsis  uf,  r>33 

tifiaues.  490                                                              ^H 

^M         Sulphiitea  of  thv  arino,  estimation  of,  506 

Tbenno-inhibitory  centres,  402                          ^^M 

^M              oiigin  of.  .VM> 

Thcrmolyns,  485                                                    ^^H 

■         SnIph-hEpmaelohin.  504} 

mechanism  uf,  494                                              ^^^M 

^H         Sulphur,  climiiiaLiou  uf,  340 

ThcrmuiaKiA.  480,  495.  496                                   ^^M 

^H             luetahuliKin  of,  ril)7 

Thiolactic  u-id,  M7                                                ^^M 

^f             neutral,  'iiMf 

Thiry-Velia  fi»tnla,  308                                         ^H 

occurrence  of.  r»05 

Thoracic  duct.  145                                              ^^M 

Sulphuretted  hydrnften,  inhalation  of,  440 

Thorax,  clTecta  of  opening  the,  U5                       ^^H 

proiwrtiw*  of,  SOU 

uiuvementA  of,  in  respimtiuo,  397                      ^^^| 

Sulphuric  acid.  TiOd 

negative  pressure  in  the.  396                             ^^M 

Sulphurous  lurid,  SOtf 

Thrombin,  .Vi.  'j^i                                                     ^^M 

Superior  Urvnpeut  uer\*efl,  influence  of,  on  rer 

ThroinbuH.  <K>                                                              ^^M 

pinilion.  -t.Vl.  i*S2 

Thymic  acid.  579                                                   ^^M 

Supplemeiitiil  air,  diTtinitinn  uf,  427 

ThyniKlobulin,  509                                                   ^^H 

Supmreniil  capsules,  extirpation  uf,  271 

Thyrotdectumy,  209                                                 ^^H 

Swallowing,  375 

Tbyroid  extract,  injection  of,  2t)9,  270                ^^H 

Sweat,  amount  of.  2.V?.  34*> 

Thyroids,  anatomy  of,  2(r7                                       ^^^| 

composition  uf,  '251t,  ^2 

extirpation  of,  '2tiS                                                ^^^M 

uitroftcnous  couslitucnra  of.  512 

function!^  of,  2(>ef                                                     ^^^| 

Sweiit-centrf^.  Apiniil,  2tit 

grafting  of.  2()9                                                       ^^^| 

Sweat-glands,  secrL-tury  nerves  of,  250 

tuterital  M-cretiun  of,  270                                        ^^^| 

stimulation  of.  '200 

Thyroiodine,  509                                                           ^ 

strnctun*  of.  *J.V> 

Tidnl  air,  volume  of,  426                                                   J 

Sweat-nervea,  259 

Time  of  a  complete  circulation,  79                                  ' 

Sweat-Secretion,  action  of  drugs  on.  260 

TinclureiJ,  definition  of,  5^5 

Srinpatlietic  nerves,  cardiac,  ItW,  171 

Tisflue-protcid,  definition  of,  346 

puhuonftry.  4(16 

Timue-respiratiun,  422 

reflex  influeiico  of.  on  the  pulsc-nte,  176 

Tongue,  vaso-inutor  nerves  of.  201 

secrctorr  fibres  tn  the  pancreaA.  232 

Tonicity  of  involuntary  mui^cle,  371 

to  the  salivary  glands,  216,  29S 

of  va§tj-coni>trietur  centre,  11^ 

vaso-iuotor centres.  2(K> 

Tonograph.  definition  of.  127 

Synthesis  of  proteids.  518.  582 

Tonometer.  IHrt 

of  sugars.  TS'S 

Tunua.  ventricular,  doring  vagus  stimulation, 

Svnthetic  processes  of  plants,  518 

1(13 

Synrmiin.  iibsorptiuu  of.  3ir» 

Transfusion  of  blood,  64 

occurrence  uf,  in  ptplic  digestion,  293 

Trausversalis    alKlomiuia    muscle,    resplrmtory 

Systole,  auricular.  12-1.  136 

action  of.  407 

ventricolar,  123 

Trapezius  muscle^  respiratory  action  uf,  40fi 

Traube-IIering  waves,  201 

Tartar.  524 

Triangnlures  sterni  muscloa.  expiratory  action 

Tanrin.  5(17.  5-13 

of,  4r»7 

Tea.  nutritive  value  of.  3.77 

Trigeminal  ncrvoa,  inflnenee  of.  on  respiration, 

Tenipcruiur**,  flxillary.  AGfi 

463 

body-,  etTect  of,  on  re.-tpiratory  acliTity,  432 

Trimethylamine.  541 

influence  of  drugs  un,  472 

Triow-s.  5."rf» 

lowering  of,  472 

Tronimcr's  test  for  carlwhvdratea.  562 

variutionfi  of,  4r>[) 

TroiMToiin  (M>  test  for  mineral  acid,  289 

effect  of,  on  enzymes,  281 

Trophic  influence  of  the  vagi  on  the  heart,  107 

on  boat  difisiiiation,  4S7 

nervi-s  of  the  salivary  glands,  224 

on  inctalKilism,  3u2 

pulmonary.  466 

on  sweat  glands,  260 

TryiiHin.  232 

on  tho  respiratory  r^uotient,  439 

efl'ect  of,  on  blood  cougulation.  63 

on  tryptic  digestion.  .'U)I 

extractj*.  preparation  of,  301 

extenial,  etTect  of.  on  rvKpiratlon,  426 

pto|iertie3i  of.  .Wl 

on  respirulory  exchanges.  432 

Trypsinogen.  '235 

on  therniotaxis.  49*1 

granules,  23.> 

1                       influence  of,  on  heal  production.  483 

Tryptic  digestion,  producta  of.  302 

on  ptyalin.  2?*fi 

value  of,  304 

of  animals.  4(r7 

Tryptophan.  574 

1                    of  respired  air,  410 

Tulitib^.  unniferoas,  250 

poBt-raort«m  rise  of.  497 

Tuiiicin,  5ti6 

regulation  of.  473 

Tyrosin,  570 

lo|K»graphy  of,  468 

formation  uf,  in  tryptic  digestion.  303 

Temponii  muscle.  3T2 

Tension  of  the  hlood-gaaea.  415 

Vnrn,  calorimetric.  477 

TeaticuUr  extracta.  action  of.  S79 

Unorganized  fermenta.  definition  of,  279             ^^_ 

Testis,  internal  secretion  of,  273 

Urea,  amount  of.  in  sweat,  335                             ^^H 

^^V        598                                                   INDEX. 

■ 

^^^^^1            Urea,  amoaiit  of,  in  the  blood,  31 

Vaso-motor  nerves  of  the  kidney,  207.  256 

^H 

^^^^^^K                   in          urtui*.  333 

of  the  limbs,  200 

^^^^B 

^^^^^^H                                                   'X\ii 

of  the  liver,  20H 

^^^^B 

^^^^^^m               eliuiiitatiuu        252 

of  the  lungs.  205,  466 

^^H 

^^^^^B              efltiuiAtiou  of.  Mi) 

of  tlic  muscles.  210 

^^^^B 

^^^^^^l              formation  of.  After  removftl  of  the  liTer.  .'1^)7 

iif  thi!  jmii^rfAs,  207 

^^^^1 

^^^^H                        the             XM 

of  thu  portal  syAteiu,  209 

^^^H 

^^^^^^1              orij^iu  of.  in  lliu  body,  530 

of  the  salivary  elands.  222 

^^^H 

^^^^^H                        ttio             '^K(i 

of  the  f+jilL-mi.  2f'7 

^^^^B 

^^^^^V                pruimnition  uf,  .%48 

of  the  ton«ne.  2<i5 

^^^H 

^^^^H                   frinu  prottittt.  SST 

of  the  veins,  193 

^^^^B 

^^^^^H                 preNciiro  of,  in  HweAt,  'M2. 

Bp«tciftl  pr«iiierlie.H  of,  197 

^^^H 

^^^^^H 

retlex**s  'jnl 

^^^^B 

^^^^^H             Uruters,  movements  of,  371,  389 

through  lliL'  vagi.  172 

^^^^B 

^^^^^B            Uric  acul,  funnatioti  nf,  338 

Vegetable  foodt,  cotu position  of,  278 
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Thtfd  Edition.  Revised  and  Cnlarfed. 

Nenous  and  Mental  DiseasLs  [:y  Akchiuald  CitLRCH,  M.  I).,  Pro 
fessor  of  Nervous  and  Menial  l>ibcasc*s,  and  Head  of  the  Neurological 
I)ei»artmenl,  Northwestern  University  Medical  School,  Chicago;  and 
Fkf.derick  Pktersov,  M.  D,,  Chief  of  Clinic,  Nervous  Department, 
College  of  Ph)-sicians  and  Surgeons,  New  York.  Handsome  octavo 
volume  of  S75  [ages,  profusely  illustrated.  Cloth,  ;f;5.oo  net;  Sheep  or 
Half  Moroti  o,  S<^-oo  net. 

Clarkson's  Histology. 

A  Text-Book  of  Histolog>%  Descriptive  and  Practical.  By  Arthur 
Cl-ARKSOV,  M.  B.,  C.  M.  Kdin.,  formerly  Demonstrator  of  Phj-siology 
in  Ihe  Owen's  College,  Manchester;  late  Demonstrator  of  Physiology 
in  Yorkshire  College,  Leeds.  I^arge  octavo,  554  j)ages ;  22  engravings 
and  174  beautifully  colored  original  illustrations.     Cloth,  5400  net. 

Corwin's  Physical  Diagnosis.    Third  edition.  Revised. 

Essentials  of  Ph)*sical  Diagnosis  of  the  Thorax.  By  Arthur  M. 
CoRwiN,  A.M.,  M.D.,  Instnictor  in  Physical  Diagnosis  in  Rush 
Medical  College,  Chicago.     219  i»ages.  illustrated.     Cloth.  $1.25  net. 

Crookshank's  Bacteriology.     Fourth  LditioQ,  Revised. 

A  Text-Book  of  Bactcriolog)-.  By  Et>OAR  M.  Crookshank,  M.B., 
Profc*ssor  of  Comparative  Pathologi'  and  BacicriologA*.  King's  College, 
London.  Octavo,  700  ]>ages.  273  engravings  and  22  original  colored 
plates.     Cloth,  $6.50  net;   Half  Morocco,  $7.50  net. 

DaC0Sta*S    Surgery.       Third  CdWon.  Revised. 

Motieru  Surgert',  Oeneral  and  Operative,  By  John  Chalmers  Da 
Costa,  M.  D,,  Professor  of  Prin<  iplcs  of  Surgery-  and  Clinical  Surgery, 
Jeffenion  Medical  College.  Philadelphia;  Surgeon  to  the  Philadelphia 
Hospital,  etc.  Handsome  octavo  volume  of  1117  |>agcs,  profusely 
illustrated.     Cloth,  ^5.00  net;   .Sheep  or  Half  Morocco,  f6.oc   net. 

Enlarged  by  over  200  Patfes.  with  more  than  100  New  Illustrations. 
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Davis's  Obstetric  Nursing. 

ObsitirK  and  GynecologiL-  NuRini:.  By  Edward  P.  Davis,  A.  M., 
M.  L>..  Professor  of  Obstetrics  in  Jefferson  Medical  College  and  the 
Philadelphia  Polyclinic  ;  Obstetrician  and  Gynecologist  to  the  Phila- 
delphia Hospital.  izmo  volume  of  400  piages,  fully  illustrated. 
Crushed  Buckram,  ^1.75  net. 

DeSchweinitz  on  Diseases  of  the  Eye.  Third  Edition.  Revised. 

Diseases  of  the  Kyc.  A  Handbook  of  (Jphlhalmic  Practice.  By  O. 
E.  HR  ScHWEixiTZ,  M.  D-,  Professor  of  Ophthalmology.  Jefferson  Medi- 
cal College,  Philadelphia,  etc.  Handsome  royal  octavo  volume  of  696 
pages  ;  256  fine  illustrations  and  2  chrotno-lithographic  plates.  Cloth, 
$4.00  net;  Sheep  or  Half  Morocco,  %^.oo  net. 

Dorland's  Dictionaries. 

[See  AmcrUan  lilusiraUd  M^dica!  Dictionary  and  American 
Pocket  Medical  Dictionary  on  page  3.] 

Dorland's    Obstetrics.       second  Edition.  Revised  and  Gre&lly  Enlarged. 

Modern  Obstetrics.  P.y  W".  A.  Newman  DnkiANh.  M.  L>..  Assistant 
l>emonstrator  of  <  >bstctrii;s.  University  of  Pennsylvania;  Associate  in 
(iynecology,  Philadelphia  Polyclinic.  Octavo  volume  of  797  pages, 
with  201  illustrations.     Cloth,  $4.00  net. 

Cichhorst's  Practice  ef  Medicine. 

A  Tcxt-tlook  of  the  Practice  of  Medicine,  lly  I)k.  Hkrman  Eichhorst, 
Professor  of  Special  Pathology  and  Thcrai>eutic5  and  Director  of  the 
Medical  Clinic,  University  of  Zurich.  Translated  and  edited  by  Ai't;us- 
Tus  A.  EsHNtR.  M.  D.,   Profesi^r  of  Cliniciil   >feriicine,  Philadelphia 

Polyclinic.     Twooctavo  volumes  of  600  i>ageseach,  over  150  illustrations. 

Prices  per  set;  Cloth,  $6.00  net ;  Sheep  or  Half  Morocco,  57.50  net. 

Priedrich  an3  Curtis  on  the  Nose,  Throat,  an?  Car. 

Rhiuology,  Laryngology,  and  Otology,  and  Their  Significance  in  Gen- 
eral Medicine.  By  Dr.  E.  P.  Fkif.drich,  of  I^ipzig.  Edited  by  H. 
Hoi.HROOK.  Curtis,  M.  D.,  Consulting  Surgeon  to  the  New  York  Nose 
and  Throat  Hosjntal.     Octavo,  34S  pages.     Cloth,  52.50  net. 


Frothin^am's  Guide  for  tht  Bacteriologist. 

Laboratory  <iuidc  for  the  liactcriologist.  By  LAMiiH^N  Frothinc.ham, 
M.  D.  v.,  Assistant  in  Bacteriology  and  A'eterinary  Science,  Sheffield 
Scientific  School,  Yale  Univereity.     Illustrated.     Cloth,  75  cts.  net. 

Garrigues*  Diseases  ef  Women.    Third  Edition,  Revised. 

Diseases  of  Women.  By  Henrv  J,  Garrigues,  A.  AL,  M.  D.,  Gyne- 
cologist to  St.  Mark's  Hospital  and  to  the  German  Dispensar)',  New 
York  City.  Octavo,  756  pages,  with  367  engravings  and  colored  plates. 
Cloth,  54.50  net ;  Sheep  or  Half  Morocco,  55-50  net. 
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Gotdd  and  Pyle's  Curiosities  (tf  Medicine. 

Anomalies  and  Curiosities  of  Medicine.  By  George  M.  Gould,  M.  D., 
and  Walter  L.  Pyle,  M.  I).  An  encyclopedic  collection  of  rare  and 
extraordinary  cases  and  of  the  most  striking  instances  of  abnormality  in 
all  branches  of  Medicine  and  Surgery,  derived  from  an  exhaustive 
research  of  medical  literature  from  its  origin  to  the  present  day, 
abstracted,  classified,  annotated,  and  indexed.  Handsome  octavo 
volume  of  968  pages ;  295  engravings  and  1 2  full-page  plates.  Popular 
Edition.      Cloth,  S3. 00  net;  Sheep  or  Half  Morocco,  $4.00  net. 

Grafstrom*s  Mechano-Therapy. 

A  Text-Book  of  Mechano-Therapy  (Massage  and  Medical  Gymnastics). 
By  Axel  V.  Grafstrom,  B.  Sc.,  M.  D.,  late  House  Physician,  City  Hos- 
pital, Blackwell's  Island,  New  York.  i2mo,  139  pages,  illustrated. 
Cloth,  Si. 00  net. 

Griffith   on   ihe   Baby,      second  Edition.  RevbMl. 

The  Care  of  the  Baby.  By  J.  P.  Crozer  Griffith,  M.  D.,  Clinical 
Professor  of  Diseases  of  Children,  University  of  Pennsylvania ;  Phy- 
sician to  the  Children's  Hospital,  Philadelphia,  etc.  i2mo,  404  pages; 
67  illustrations  and  5  plates.     Cloth,  $1.50  net. 

Griffith's  Wei^t  Chart 

Infant's  Weight  Chart.  Designed  by  J.  P.  Crozer  Griffith,  M.  D., 
Clinical  Professor  of  Diseases  of  Children,  University  of  Pennsylvania. 
25  charts  in  each  pad.     Per  jjad,  50  cts.  net. 

Hart's  Diet  in  Sickness  and  in  Health. 

Diet  in  Sickness  and  Health.  By  Mrs.  Ernest  Hart,  formerly  Student 
of  the  Faculty  of  Medicine  of  Paris  and  of  the  London  School  of  Medi- 
cine for  Women;  with  an  Introduction  by  Sir  Hexrv  Thompson*, 
F.  R.  C.  S.,  M.  D.,  London.     220  pages.     Cloth,  $1.50  net. 

Hayties'  Anatomy. 

\  Manual  of  Anatomy.  By  Irving  S.  Havnes,  M.  D.,  Professor  of 
Practical  Anatomy  in  Cornell  University  Medical  College.  680  pages; 
42  diagrams  and  i34full-i>age  half-tone  illustrations  from  original  photo- 
graphs of  the  author's  dissections.     Cloth,  $2. 50  net. 

Heisler^s  Embryology,    second  cdstion.  RaviMd, 

A  Text-Book  of  Kmbr>ology.  By  John  C.  Heisler,  M.  D.,  Professor 
of  Anatomy,  Medico-Chirurgical  College,  Philadelphia.  Octavo  volume 
of  405  pages,  handsomely  illustrated.     Cloth,  $2. 50  net. 

Hirst's   Obstetrics.      TUnl  Edition.  Revitod  and  EnUrtfed. 

.\  Text-Book  of  Obstetrics.  By  Barton  Cookk  Hirst,  M.  I).,  Professor 
of  Obstetrics,  University  of  Pennsylvania.  Handsome  0(  tavo  volume 
of  873  i>ages  :  704  illustrations,  36  of  them  in  colors.  Cloth,  55.00  net ; 
Sheep  or  Half  Morocco,  56.00  net. 
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Hyde  aiib  Montgomery  on  Syphilis  cn3  khe  Venereal 

Diseases.       second  Edition,  Reviied  and  Greatly  Enlarged. 

Syphilis  and  the  Venereal  Diseases.  By  jAMiis  Kevins  Hyde,  M.  D., 
Professor  of  Skin  and  Venereal  Diseases,  and  Frank  H.  Montgomery, 
M,  I).,  Associate  Professor  of  Skin,  Geuiio-L'rinary,  and  Venereal  Dis- 
eases in  Rush  Medical  College,  Chicago,  111.  Uciavo,  594  pages, 
profusely  iUustraied.     Cloih,  S400  net. 

TTrf  International  Text-Book  of  Siurgery.     in  Two  volumes. 

By  American  and  liritish  Authors.  Kdited  by  I.  Coluns  Warren, 
NL  I).,  LL.  D.,  \\  R.  C.  S.  (Hon. ),  Professor  of  Surgery,  Harvard  Medi- 
cal School,  Boston  ;  and  A.  Pearce  Govlo,  M.  S.,  F.  R.  C.  S.,  Lecturer 
on  Practical  Surger)-  and  Teacher  of  Operative  Surgery,  Middlesex 
Hospital  Medical  School,  Tendon,  Eng.  Vol.  I.  Gfneral  Surgery. — 
Handsome  octavo.  947  pages,  with  458  beautiful  illustrations  and  9 
lithographic  plates.  Vol.  H.  Speciai  or  Krj^nmai  Surgery, — Handsome 
octavo,  1072  pages,  with  471  beautit'ul  illustrations  and  8  lithographic 
plates.  Sold  i»y  Subscn'ptwn.  Prices  per  \oluuie:  Cloth,  S5.00  net; 
Sheep  or  Half  Morocco,  :f;6.oo  net. 

"  Ii  IS  the  most  valuable  work  on  thr  subject  ihai  has  appeared  in  some  years.  The  clini- 
cian and  the  pathologist  have  joined  hands  in  Its  production,  und  ibt;  result  must  be  a  saiis- 
faclion  to  the  editors  ;is  i(  i>  a  ifratificniion  to  the  L-on^cirntious  reader." — ArtHa/i  of  Sur^trr. 

"  This  ii  a  work  which  comes  to  us  on  its  own  intrinsic  merits.  Of  the  laiier  It  has  very 
many.  The  arrangement  of  subjects  is  excellent,  and  ihcir  treatment  by  the  different  authors 
is  equally  so.  Whut  is  especially  to  he  recommended  i-^  the  p.iin'.t.ikinK  endeavor  of  each 
writer  to  make  his  subject  clear  and  to  the  pninl.  To  this  end  p.iniculnrly  is  (he  technique 
of  operations  lucidly  described  in  all  nece&sctry  detail.  And  withal  tlie  work  is  up  to  date  in 
A  very  remarkable  decree,  many  of  the  Lucst  operations  in  the  diffi-renl  regional  pa,rt6  of  the 
hody  being  given  in  full  details.  There  is  nol  a  chapter  in  the  uork  from  which  the  reader 
mav  nni   Ic-nm  <;oriu'tliini;  new." — AffJir:;/  RfiXr.i,  New  York. 

Jackson's  Diseases  ^  the  Eye. 

A  Manual  of  Diseases  of  the  Eye.  Hy  Edward  Jackson,  A.  M.,  M.  D., 
Emeritus  Professor  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic  and 
College  for  Graduates  in  ^[edicine.  lamo  volume  of  535  i)ages,  with 
1 78  illustrations,  mostl)  from  drawings  by  the  author.    Cloth,  52.50  net. 

Keating's  Life  Insurance. 

How  to  Examine  for  Life  Insurance.  By  John  M.  Keating,  M.  D., 
Fellow  of  the  College  of  Physicians  of  Philadelphia  ;  Ex-President  of  the 
Association  of  Eife  Insurance  Medical  Directors.  Royal  octavo,  211 
jiagcs.      With  n\jtnerous  illu.sirations.     Cloth,  §2. 00  net. 

Keen  on  the  Surgery  gf  Typhoid  Fever. 

The  Surgical  Coniplii  ations  and  Sequels  of  Tyjihoid  Fever.  By  Wm. 
W.  Keen,  M.  D..  LL.  D.,  F.  R.  C.  S.  (Hon.).  Professor  of  the  Principles 
of  Surgery  and  of  Clinical  Surgery,  JefTereon  Medical  College,  Phila- 
delphia, etc.    Octavo  volume  of  386  pages,  illustrated.   Cloth,  53.00  net. 

Keen's    Operation    Blank,      second  Edition.  Rented  Fonn. 

An  ()i>cmtion  blank,  with  [.isis  of  Instninicnts,  etc.,  Required  in  Vari- 
ous Operations  Prepared  by  W.  W.  Keen.  M.  D.,  LL.  D..  F.  R.  C.  S. 
<  Hon. ),  Professor  of  the  Principles  of  Surgery'  and  of  Clinical  Surgery, 
Jeffereon  Medical  College,  Philadelphia.  I*rice  per  pad,  blanks  for  fifty 
operations,  50  cts.  net. 
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Kyle  on  the  Nose  and  Throat,    second  ciBiion. 

Diseases  of  the  Nose  and  Throat.  By  D.  Braden  Kvlr,  M.  D.,  Clinical 
Professor  of  Lar>'ngology  and  Rhinolog>',  Jefferson  Medical  College, 
Philadelphia.  Octavo,  646  {lagcs :  over  150  illustrations  and  6  litho- 
graphic plates.     Cloth,  $4.00  net ;  Sheep  or  Half  Morocco,  $5.00  net. 

Laine's  Temperature  Chart. 

remi>crature  Chan.  Prepared  l>y  I>.  T.  Laine,  M.  D.  Size  8X13J4 
inches.  A  conveniently  arranged  Chan  for  recording  Temperature, 
with  columns  for  daily  amounts  of  Urinary  and  Kecal  Kxcretions,  Food, 
Remarks,  etc.  On  the  bark  of  each  chart  is  given  the  Brand  treatment 
of  Typhoid  Fever.     Price,  per  i>ad  of  25  charts,  50  cts.  net. 

Levy,  Klemperer,  aHd  Eshner's  Clinical  Bacteriolo^. 

1  ho  Kloments  of  Clinicnl  Bacteriology.  By  \)k.  Kkn>i  l,^:v^,  pro- 
fessor in  the  Univereiiy  of  Strasburg,  and  Fklix  Klempeker,  Prival- 
docent  in  the  University  of  Sira.sburg.  Translated  and  edited  by 
Augustus  A.  Eshnkr,  M.  I).,  Professor  of  Clinical  Medicine,  Philadel- 
phia Polyclinic.     Octavo,  440  i>ages,  fully  ilhislraled.     Cloth,  $2. 50  net. 

Lockwood-s  Practice  nf  Medicine.         .^^t.!-^^. 

A  .Manual  f>f  the  IVactice  of  Medicine.  By  Gti)K(.K  Koi:  Uih^kwihU), 
M.  I).,  Professor  of  Practice  in  the  Woman's  Medical  College  of  the 
New  V'ork  Infimuary,  etc. 

Long's  Syllabus  qf  Gynecolo^. 

A  Syllabus  of  Gynecology,  arranged  in  Conformity  with  "An  American 
Text-Book  of  Gynecology."  By  J.  W.  Lunc,  M.'  !>..  Professor  of  Dis- 
eases of  Women  and  Children.  Medical  College  of  \'irginia,  etc.   Cloth, 

interleaved,  $1.00  net. 

Macdonald's  Surreal  Dia^^nosis  ant  Treatment 

Surgical  Diagnosis  and  Treatni'.'iii.  By  J.  W .  Maciu'Nai.p,  M.  D. 
Edin.,  F.  R.  C.  S.  I'din..  Professor  of  Practice  ai  Snrf^er)-  and  Clinical 
Surgery,  Hainline  University.  Handsome  octavo,  800  (jagcs,  fully  illus- 
trated.    Cloth,  I5.00  net;  Sheep  or  Half  Morocco,  $6.00  net- 

Mallory  an2  Wright's  Pathological  Technique. 

Second  Edition,  Revbed. 
Pathological  rcc.hni.inc.  A  Practical  Manual  for  laboratory  Work  rn 
Pathology,  Bacteriology,  and  Morbid  .Anatomy,  with  chainers  on  Post- 
"  Mortem  Technitiut  and  the  Performance  of  Autoj»sics.  By  Fka.sk  B. 
Malu>rv,  A.m.,  MP.,  Assistant  Professor  of  I'athology,  Har\'ard 
University  Meiiical  School,  Boston;  and  James  H.  Wricht,  A.M., 
M.  D..  Instructor  in  Pathology,  Harvard  University  Medical  School, 
Boston. 

McFarland's  Pathogenic  Bacteria,  '^ly'^:; ^c^V:^!^ 

Text-Book  upon  the  Pathogenic  Bacteria.  By  Joseph  McFarland. 
M.  I).,  Professor  of  Pathology  and  Bacteriolog>',  Medico  Chinirgit^ 
College  of  Philadelphia,  etc,  Octavo  volume  of  621  pages,  finely  illus- 
trated.    Cloth,  $3.25  net. 
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Meigs  on  Feeding  in  Infancy. 

l-cedinj,'  in  Early  liifar»i:y.  By  Arthl'r  V.  Meigs,  M.  D.  Bound  in 
limp  cloth,  flush  edges,  25  cts.  net. 

Moore's  Orthopedic  Surgery, 

A  Manual  of  Urthor>edic  Surgery.  By  James  E.  Moore.  M.  D.,  Pro- 
fessor of  Orthopedics  and  Adjunct  Professor  of  Clinical  Surgery,  Uni- 
vereiiy  of  Minnesota,  College  of  Medicine  and  Surgery.  Octavo  voluuie 
of  356  pages,  handsomely  illustrated.     Cloth,  $2.50  net. 

Morten's  Nurses'  Dictionary. 

Nurses'  Uiciionarv  of  Mediral  1'cnn-;  and  Nursing  Treatment.  Con- 
taining Definitions  of  the  Print  i pal  Medical  and  Nursing  Terms  and 
Abbreviations;  of  the  Instruments,  Drugs,  Diseases,  Accidents,  Treat- 
ments, Operations,  Foods,  Appliances,  etc.  encountered  in  the  ward  or 
in  the  sick-room.  By  Hon  nor  Morten,  author  of  **  Hon*  to  Become 
a  Nurae,*'  etc.     i6mo,  140  pages.     Cloth,  $1.00  net. 

Nancrede*s  Anatomy  and  Dissection.    Fourth  Edmon. 

lisscntials  of  Anatomy  and  Manual  of  Practical  Dissection.  By  Charles 
B.  Nancreue,  M.  D.,  \\..  D.,  Professor  of  Surgery  and  of  Clinical  Sur- 
gery, University  of  Michigan,  Ann  Arbor.  Post-octavo,  500  pages,  with 
full-page  lithogra[)hic  plates  in  colors  and  nearly  200  illustrations.  Extra 
Cloih  \QX  Oilcloth  for  dissection -room),  52.00  net. 

Nancrede's  Principles  (jf  Surgery. 

Lectures  on  the  Principles  of  Surgery.  By  Chas.  B.  Nancrede,  M.  D., 
LL.  D.,  Professor  of  Surgery  and  of  Clinical  Surgery,  Univereiry  of 
Michigan,  Ann  Arlx)r.   Octavo,  398  pages,  illustrated.   Cloth,  52.50  net. 

Norris's  Syllabus  ^  Obstetrics.    Third  edition.  Revised. 

Syllabus  of  Obstetrical  Lectures  in  the  Medical  Department  of  the 
University  of  Pennsylvania.  By  Richari*  C.  Norris,  A.  M.,  M.  D., 
Instructor  in  Obstetrics  and  lecturer  on  Clinical  and  Operative  Obstet- 
rics, University  of  Pennsylvania.  Crown  octavo,  222  pages.  Cloth, 
interleaved  for  notes,  $2.00  net. 

Ogden  on  ibe  Urine. 

Clinical  Kxamination  of  the  Urine  and  Urinarv'  Diagnosis.  A  Clinical 
Guide  for  the  Use  of  Pra*  titioners  and  Students  of  Medicine  and  Sur- 
gery. By  J.  Bergen  Ogdek,  M.  D.,  Instructor  in  Chemistry,  Harvard 
Medical  School.  Handsome  octavo,  416  pages,  with  54  illustrations 
and  a  number  of  colored  plates.     Cloth,  $3.00  net. 

Penrose's  Diseases  qf  Women,    Fourth  Edition,  Revised. 

A  Text-Book  of  Diseases  of  Women.  By  Charles  B.  Penrose,  M.D., 
Ph.  D.,  formerly  Professor  of  Gynecology  in  the  University  of  Penn- 
sylvania. Octavo  volume  of  538  pages,  handsomely  illustrated.  Cloth^ 
»3  75  net. 
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Pryor— Pelvic  Inflammations. 

The  Treatment  of  Pelvic  InHaiiiniations  through  the  Vagina.  By  W. 
R.   PRVOR,   M.  IX,   Professor  of  Gynecology,    New   York   Polyclinic. 

i2mo,  248  pages,  handsomely  illustrated.     Cloth,  ^2.00  net. 

Pye's  Bandaging. 

Elementary  iIa^(la^iing  and  Surgical  Dressing.  With  Directions  con- 
cerning the  Inuiieiiiate  Treatment  of  Cases  of  Emergency.  Bv  Waltkr 
Pyk,  F.  R.  C.  S.,  late  Surgeon  to  St.  Mary's  Hospital,  London.  Small 
lanio,  over  80  illustrations.     Cloth,  llexible  covers,  75  cis.  net. 

Pyle's  Personal  Hy^ene. 

A  Manual  of  Personal  Hygiene.  Proper  Living  upon  a  Physiologic 
Basis.  Edited  by  Walter  L.  Pvle,  M.  D.,  Assistant  Surgeon  to  the 
Wills  Eye  Hospital,  Philadelphia.  Octavo  volume  of  344  |>ages,  fully 
illustrated.     Cloth,  ^1.50  net. 

Raymond's  Physiology.    R«^*:;r^^.^tn.^ec. 

A  IVxiilook  01'  l*hysioiot;y.  Ily  Joski'H  H.  Kavmonu,  A.M.,  M.  D., 
Professor  of  Physiology  and  Hygiene  and  Lecturer  on  CJynecology  in 

the  I-ong  Island  College  Hospital. 

Salinger  an?  Kalteyer's  Modem  Medicine. 

Modern  Mcilicitic.  By  Jvt.irs  L.  Salivger.  M.  D..  Demonstrator  of 
Clinical  Medicine,  Jelterson  Medical  College :  and  F.  J.  Kai.tkvkr, 
M.  D.,  Assistant  IXMnonstrator  of  Clinical  Medicine,  Jefferson  Medical 
College.     Handsome  octavo,  Soi  pages,  illustrated.     Cloth,  $4.00  net. 

Saundby's  Renal  arib  Urinary  Diseases. 

Ia.!  lures  on  Renal  and  Urinary  Dise;iscs.  By  Rorf.rt  SArN'T>BV,  M.  O. 
Edin.,  Fellow  of  the  Royal  College  of  Physicians,  London,  and  of  the 
Royal  Mediro-Chinirgical  Society;  Professor  of  Medicine  in  Mason 
College,  Birmingham,  etc.  Octavo,  434  jjages,  with  numerous  illustra- 
tions and  4  colored  plates.     Cloth,  52.50  net. 

Saunders'  Medical  Hand-Atlases. 

See  p&gei  16  and  17* 

Saunders*  Pocket  Medical  Formulary,  sixth  Euiition.  Re vued. 

By  William  M,  Powell,  M.  I>.,  author  of  *'  Ksseniials  of  Diseases  of 
Children":  Member  of  Philadelphia  Pathological  Society.  Contain- 
ing 1844  fomiulne  from  the  l>est-known  authorities.  With  an  .Appendix 
containing  I'osological  'J'able,  Fonnulie  and  IHjses  for  Hy|>odermic 
Medication,  Poisons  and  their  Antidoies,  Diameters  oi  the  T'emale  Melvis 
and  Fetal  Head,  Obstetrical  Table,  Diet  List  for  Various  Diseases,  Mate- 
rials and  Drugs  used  in  Antiseptic  Surgery*,  Treatment  of  Asphyxia  from 
Drowning,  Surgical  Remembrancer,  Tables  of  Inrompatibles,  Eruptive 
Fevers,  etc.,  etc.  Handsomely  bound  in  Hcxible  morocco,  with  side 
index,  wallet,  and  flap.     $2.00  net. 

Saunders'  Question-Compends 

See  p&£e  15. 


la 


MEDICAL  PUBLICATIONS 


Scudder's  Fractures,     second  cditmn.  nevued. 

i'hc  Treatment  ot*  rraciiires.  By  Chas.  1-.  Scuduer,  M.  D..  Assistant 
in  Clinical  and  Operative  Surger)*,  Harvard  University  Medical  School. 
Octavo,  460  pages,  with  nearly  600  original  illustrations.  Polished 
Buckram,  S4.50  net;    Half  Morocco,  $5.50  net. 

Senn*s  Genito- Urinary  Tuberctilosis. 

Tulierculosis  of  the  Genito-Urinary  Organs,  Male  and  Female,  By 
Nicholas  Senn,  M.  D,,  ?h.  D.,  LL.  D.,  Professor  of  the  Practice  of 
Surger)'  and  of  Clinical  Surgery,  Rush  Medical  College,  Chicago. 
Handsome  octavo  volume  of  320  pages,  illustrated.     Cloth,  $3.00  net 

Senn's  Practical  Surgery, 

Practical  Surgery.  By  Nicholas  Senn,  M.  D.,  Ph.  D.,  LL.  D.,  Pro- 
fes:sor  of  the  Practice  of  Surgery  and  of  Clinical  Surgery,  Rush  Medical 
College,  Chicago.  Handsome  octavo  \olunie  of  1200  f>ages,  profusely 
illustrated.  Cloth,  56.00  net;  Sheep  or  Half  Morocco,  57.00  net. 
By  Subscription. 

Senn*s  Syllabus  cf  Surgery. 

A  Syllabus  of  Lectures  on  the  Practice  of  Surger)*,  arranged  in  con- 
fom)ity  with  '*  An  .American  Text-Book  of  Surgery."  By  NiCHOiJVS 
Sf.nn.  M.  1>.,  Ph.  D.,  LL.  0.,  Professor  of  the  Practice  of  Surger>- and 
of  Clinical  Surgerj',  Rush  Medical  College,  Chicago.     Cloih,  $1.50  net. 

Senn*S   Tumors.      second  edition,  Revbea. 

Pathology  and  Surgical  Treatment  of  Tumoni.  By  Nicholas  Senn,  M.  O., 
Ph.  I).^  LL.  I)..  Professor  of  the  Pratticc  of  Surgery  and  of  Clinical 
Surger>-,  Rush  Medical  College,  Chicago.  Octavo  volume  of  718  l*agcb. 
with  478  illustrations,  including  12  full-|>age  plates  in  colors.  Cloth, 
S5.00  net ;  Shec|t  or  Half  Morocco,  S6.00  not, 

Starr's  Diets  for  Infants  qi&  Children. 

Diei.s  for  Infants  and  Children  in  Health  and  in  Disease.  By  Louis 
Stakk,  M.  I).,  Kditor  of  "An  American  Text-Hook  of  the  Diseases  of 
Children.'*  230  blanks  ([XKket-book  size),  perforated  and  neatly  bound 
in  flexible  morocco.     51.25  net. 

Stengel's    Pathology.       TWrd  Edition.  Thoroughly  Revised. 

A  Text- Book  of  Pathology.  By  Alfked  Stenoei.,  M.  D.,  Professor  of 
Clinical  Medicine,  University  of  Pennsylvania;  Visiting  Physician  to 
the  Pennsylvania  Hospital.  Handsome  octavo,  873  pages,  nearly  400 
illustrations,  many  of  them  in  color;.  Cloth,  §5. 00  net ;  Sheep  or  Half 
Morocco^  $6.00  net. 


Stengel  anh  White  on  the  Blood. 

The  Blood  in  its  Clinical  and  Pathological  Relations.  By  Ai.rRED 
Stengel,  M.  D.,  Professor  of  Cliniral  Medicine,  University  of  Penn- 
sylvania ;  and  C.  V.  White,  Jr.,  M.  D.,  Instructor  in  Clinical  Medicine, 
University  of  Pennsylvania.     In  Press. 


OF  W,  B.  SAUNDERS  ^   CO,  13 


Stevens'  Therapeutics.      Third  Edition.  Revised  Mid  CreaUy  enlarged. 
A  lext-Hookof  .\[o(icrn  Therapcutu  s.    IK  A.  A.  STEvtNs,  A.  M..  M.  D., 
lecturer  on  Physical  Diagnosis  in  the  University  of  Pennsylvania. 

Stevens*  Practice  qf  Medicine.     Fifth  Edition.  Revised. 

A  Manual  of  the  Practice  of  Mfidicinc.  By  A.  A.  Ste\'ens,  A.  M., 
M.  I).,  lecturer  011  Physual  Diagnosis  in  the  University  of  Pennsyl- 
vania. Si^ecially  i mended  for  students  prejiaring  for  graduation  and 
hospital  examinaliouii.  Post -octavo,  519  jtages;  illustrated.  Flexible 
Leather,  $2.00  net. 

Stewart's    Physiolo^.       Fourth  Edition.  RevUed. 

A  Manual  of  Physiology,  with  Practical  E.xcrciscs.  For  Students  and 
Pniciitioneni.  By  O.  N.  Stewart,  M.  A.,  M.  D.,  D.  Sc.,  Professor  of 
Physiology  in  the  Western  Reserve  University.  Cleveland,  Ohio.  Octavo 
volume  of  894  images;  336  illustrations  and  5  colored  plates.  Cloth, 
53-75  nt^i- 

Stoney*s  Materia  Medica  for  Nurses. 

Materia  Meiiica  for  Nurses.  Hy  Kmu.v  A.  M.  Stonev,  late  Superintend- 
ent of  the  Training-School  for  Nurses,  Carney  Hospital,  South  Boston, 
Mass.      Handsome  octavo  volume  of  306  pages.     Cloth,  ^1.50  net. 

StOney's    Nursing.       second  Edition.  Revised. 

Practical  Points  in  Nursing.  For  Nurses  in  I*rivate  Practice.  By  Emu-V 
A.  M.  SiUNKY,  late  Superintendent  of  the  Training-School  for  Nurses, 
Carney  Hospital,  South  Hoston,  Mass.  456  (;ages.  with  73  engravings 
and  S  colored  and  halftone  plates.     Cloth,  5175  net. 

Stoney's  Surgical  Technic  for  Nurses. 

Bacteriology  and  Surgical  Technic  for  Nurses.  By  Emily  A.  M.  Stoney, 
late  Superintendent  of  the  Training-School  for  Nurses,  Carney  Hospital, 
South  Boston,  Mass.     i2mo  volume,  t'ully  illustrated.     Cloth,  <;i. 25  net. 

Thomas's    Diet    Lists.       second  Edition.  Revised. 

Diet  Lists  and  Sick-Koom  Dietary.  By  Jkrome  B.  Thomas,  M.  D., 
Visiting  Physician  to  the  Home  for  Friendless  Women  and  Children 
and  to  the  Newsttoys'  Home;  Assistant  Visiting  Physician  to  the  Kings 
County  Hospital.     Cloth,  51  35  net.     Send  for  snmplc  sheet. 

Thornton's  Dose-Book  anb  Prescription-Writing. 

Second  Edition.  Revised  uid  Enl&rged. 

Dose-Book  and  Manual  of  Prescription- Writing.  By  E.  Q.  Thornton, 
M.  D.,  Demonstrator  of  Therapeutics,  Jeflerson  Medical  College,  Phila- 
delphia. 

Van  Valzah  and  Nisbet*s  Diseases  ef  tht  Stomach. 

Diseases  of  ihe  Stoniat  h.  By  \\iiiiam  W.  Van  VaI-2ah,  M.  D.,  Pro- 
fessor oi  General  Medicine  and  Diseases  of  the  Digestive  System  and 
the  Biood,  New  York  Polyclinic;  and  J.  Douglas  Nisbet,  M.  D., 
Adjunct  Professor  of  General  Medicine  and  Diseases  of  the  Digestive 
System  and  the  Blood,  New  York  Polyclinic.  Octavo  volume  of  674 
pages,  illustrated.     Cloth,  $3-50  net. 


»4 


MEDICAL   PUBLICATIONS. 


Vecki*s  Sexual  Impotence,     second  Eaiion.  Revbed. 

The  Patholog)'  ami  Treatment  of  Sexual  Impotence.  Hy  Victor  G, 
Vecki»  M.  D.  From  the  second  German  edition,  revised  and  enlarged, 
Demi -octavo,  291   pages.     Cloth,  $2.00  net. 

Vierordt's  Medical  Diagnosis.     Fourth  cdMon,  RevUed. 

Medical  Dia^mosis.  By  Dr.  Oswald  Vierordt,  Professor  of  Medicine, 
University  of  Heidelberg.  Translated,  -ftith  additions,  from  the  fifth 
enlarged  German  edition,  with  the  author's  permission,  hy  Francis  H. 
Stuart,  A.M.,  M.  D.  Hand-somc  octavo  volume,  603  pages;  194 
wood  ruts,  many  of  them  iji  colors.  Cloth,  ^4.00  net;  Sheep  or  Half 
Morocco,  $5-oo  net. 

Watson*s  Handbook  for  Nurses. 

A  Handbook  fur  Nurses.  By  J.  K.  W  atson,  M.  D,  E<lin.  American 
Edition,  under  *super\ision  of  A.  A  Stevf.ns,  A.  M.,  M.  D.,  I-eciurcr 
on  Physical  Diagnosis,  University  of  Tennsylvania.  i2mo,  413  pages, 
73  illustrations.      Cloth,  Jr. 50  net. 

Warren*s  Surgical  Pathology,     second  Edition. 

Surgical  Pathology  and  Therapeutics.  By  John  Coi-LIns  Warrkx. 
M.  D.,  LL.  D.,  F\  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Hanard 
Medical  School.  Handsome  octavo,  S73  pages;  136  relief  and  litho- 
graphic illustrations,  33  in  colors.  With  an  .\pp»endix  on  Scientific 
Aids  to  Surgical  Diagnosis,  and  a  scries  of  anirles  on  Regional  Bacte- 
riology.    Cloth,  j»s.oo  net;  Sheep  or  Half  Morocco,  $6.00  net. 


SAUNDERS' 
QUESTION-COMPENDS 


ARRANGED  IN  QUESTION  AND  ANSWER  FORM. 


The  Moat  Complete  and  Beit  Illustrated  Series  of  Compends  Ever  luued. 


NOW    THE    STANDARD    AUTHORITIES     IN     MEDICAL    LITERATURE 

VM  I  II 

Studenti  and  Practitioners  in  eveiy  City  of  the  United  States  and  Canada. 


Since  the  issue  of  the  first  volume  of  the  Paundew  Qucsfion-Compends, 

OVER  200.000  COPIES 

of  these  onrivalled  publications  have  been  sold.     This  enormous  sale  is   indis[iuiablr 
evidence  of  (be  value  of  !hc*c  sclMielps  to  students  and  physicians. 

SEE  NEXT  PAGE  l<X>R  LIST. 


SAUNDERS' 
QUESTION-COMPENP  SERIES. 

Price.  Cloth.  fl.00  net  pef  copy,  except  when  otfierwbe  noted. 

Wh«r«  ibc  work  oT  prapuinir  iluilcotk'  nutituU  i*  in  etui  we  c«tiiK>t  %»y.  but  ihc  &«uci<lera  S«m», 
in  out  opinion,  bc«n  off  ihr  \t»\m  m  prnvni." — jVrtc  }VrA  ,\t*it$yitl  /tix^r^. 


1.  CucntiftU  of  Physiolo^.     By  Sidney  Rrnr.Rrr.  M.  D.     A  .V,w  St'arJt. 

2.  CuentiaU  of  Surgery.     By  Epward  Makiin.  M.  D.     Scventti  ediitoD,  revUcd,  wilb 

.111  A{>i>Liiilix  anil  .\  chfljjter  on  AppentUcilut. 

3.  Cuenti&U  of  Anatomy.     By  Chakle^   B.   Nancrlde.  M.  D.     Sixth  edition,  thor- 

«jUL;hly   revised   aii'l   cnlnrucl. 

4.  Cuentials  of  Medical  Chemiitty,  Organic  and  Inorganic.     Hy  Lawrence  Wolff, 

M,  I).      Kifih  cduh.-n,  revised. 

5.  EUtentiab  of  Obstetrics.     By  W.  Easti:rly  Ashton,  M.  D.    Fourth  edition,  revised 

atiii  <riilnr;;c'l, 

^   Essentials  of  Pathology  and  Morbid  Anatomy.     By  F.  J.  Kaltkyer,  M.  D.     /m 

7.   Essentiab  of  Materia  Medica.  Therapeutics,  and  Prescription -Writing.    By  Henry 

MoKki!>,  M    If        lilth  i-ilitii.n,  [cvi-.c'i. 

8*  9>  Cssentiali  of  Practice  of  Medicine.  Hy  Henry  Morris.  M.  D.  An  Appendix 
un  LkiNK  txAMiNATiu.v.  ti>  Lawkence  WuLFF,  M.  D.  Third  edition, enlarged 
by  »ome  300  Essential  Kurmulx,  selected  from  coiincot  aathorilies,  t^- Wm.  M 
PoWKLU  M.  n.     (Double  numtier,  $1.50  net.) 

10.  CssentxaU  of  Gynecology,     l-y  f:i*\viN  B.  Cragin,  M.  U.     Fifth  edition,  rcviicd. 

11.  CssentiAls  of  Dbeasei  of  the  Skin.     By  Henry  \V.  Stli  wagon,  M.  D.     Fourth 

cdiliuti,  revi-.cd   nnd  cnlarL^f-i 

12.  Essentials  ol  Minor  Surgery.  Bandaging,  and  Venereal   Diseases.     By  Kdward 

MvRTlN,  M.  I>.     *>ccMrid  cdiiion,  revised   and  cniarycd 

13.  Essentials   of   Legal    Medicine.   Toxicology,  and   Hy^ene.     Thi&   volume  is  se 

prcai-iit  out  of  prim. 

14.  Essentiab  of  Diseases  of  the  Eye.     By  Edward  Jackson,  M.  D.     Third  edition, 

rrvi^d  and  cnl.-ir^'.-d. 

IS*   Essentials  of  Diseases  of  Children.    By  William  M.  Powell,  M,  D.    Third  edition. 

16.  Essentials   of   Examination    of   Urine.     By    I^wrbnce   Wolff,  M.  D.      Colored 

••  ViM.EL  Si  AI  K.         v75   cciilu  nct.J 

17.  Essentiab  of  Diagnosb.     By  S.  Solis-Cohf.n,  M.  D..  and  A.  A.  Eshner,  M.  D. 

Serond  ediliun,  iliuroughly  r€rvi5cd. 

18.  Essentiab    of    Practice   of    Pharmacy.     By  Luciirs   E.   Savril.     Second   edition. 

ic^iNfd   :iiirl   crihiri^cd. 

19.  Essentiab  of  Diseases  of  the  Nose  and  Throat.     By  £.  B.  Ulfaso.S,  M  D.     Ihird 

•rdiiion,  revifccil  .iii'l  ciil.ir^L'd. 

20.  Essentials  of  Bacteriology.     By  M.  V  BaI  i .  M.  D.     Fourth  edition,  revised. 

21.  Essentiab  of  Nervous  Dueases  and  Insanity.     By  John  C.  Shaw,  M.  O      Third 

tdiLuui,  rcvi-.cd, 

22.  Essentials  of   Medical   Physics.     By  Frei>  J.  BrocKWav,  M.D.     Second  edition. 

23.  Essentials  of  Medical   Electricity.     By  DAVit)  D.  Stewart,  M.  D.,  tnd  Edward 

.S.  Lawkvsk  n.  M    Vt. 

24.  Essentiab  of  Diseases  ol  the  Ear.     By   E.  B.  Gleason.  M.  D.     Second   edition, 

leviscti    on  i   j;rcnt]y  enlarged. 

25.  Essentiab  of  Histology.     By  U'Uls  LsROY.  M.  D.     With  73  original  illusiralions. 


Pamphlel  coolaininf  ■peclmaa  paf**,  etc..  suit  fra«  upon  appHcatioo. 


fl 


Saunders'   Medical    Hand-Atlases* 


VOLUMES   NOW   READY. 

Atlas  and  Epitome  of  Internal  Medicine  and  Clinical 
Diagnosis. 

By  Dr.  Chk.  Jakou,  of  Eriangen.  Edited  by  AUGCSTUS  A.  Esh.xkr, 
\I.  D.,  Professor  of  t'linkal  Medicine,  Philadelphia  Polyclinic.  W'nh 
179  colored  figures  on  68  plates,  64  lext-ilUistrations,  259  f^ges  of  text. 
Cloth,  $3.00  net. 

Atlas  of  Legal  Medicine. 

liy  I>K.  E.  K,  v«'\'  lltiKMANX,  of  Vienna.  Edited  by  Frederick 
Peterson,  M.  D.,  Chief  of  Clinic,  Nervous  r>e|>artmcnt,  College  of 
Physicians  and  Surgeons,  New  York.  With  1 20  colored  figures  on  56 
plates  and  193  beautiful  half-tone  illustrations.     Cloth,  53. 50  net. 

Atlas  and  Epitome  of  Diseases  of  the  Larynx. 

By  Dk.  E.  (Irunwalu,  of  Munich.  Edited  by  CuARi.ti  P.  Grayson. 
M.  l).t  Physician-in-Charge,  Throat  and  Nose  Department,  Hospital  of 
the  University  of  Pennsylvania.  With  107  colored  fif^ures  on  44  plates, 
25  text-illustrations,  and  103  pages  of  text.     Cloth,  S2  50  net. 

Atlas  and  Epitome  of  Operative  Surgery. 

By  Dr.  O.  ZtcKERKAxnt,  of  Vienna.  Edited  by  J.  Chaumers 
DACasTA,  M.  D.,  Professor  of  Principles  of  Surgery  and  Clinical  Sur- 
ger)',  Jefferson  Medical  College,  Philadelphia.  With  24  colored  plates, 
217  text-illustrations,  and  395  pages  of  text.     Cloth,  33.00  net. 

Atlas  and  Epitome  of   Syphilis   and  the  Venereal 
Diseases. 

By  Prof.  Dr.  Fra.vz  Mracek,  of  Vienna.  Edited  by  E.  Bolton 
Banos,  M.  D.,  Professor  of  Cienito-Urinary  Surgery,  University  and 
Bellevue  llosjiital  Medical  College,  New  Vorit.  With  71  colored 
plates,  lO  illustrations,  and  122   [tages  of  text.     Cloth,  53.50  net. 

Atlas  and  Epitome  of  External  Diseases  of  the  Eye* 

By  Dr.  O.  H.aab,  of  Zurich.  Edited  by  G.  E.  de  Schueinitz,  M.  D.^ 
Professor  of  Ophthalmology,  Jefferson  Medical  College,  Philadelphia. 
With  76  colored  illustrations  on  40  plates  and  228  i>ages  of  text. 
Cloth,  S3. 00  net. 

Atlas  and  Epitome  of  Skin  Diseases. 

By  Pkof,  I)k.  Ekan;^  Mkackk,  of  Vienna.  Edited  by  Henry  W.  Stel- 
WAGON,  M.  D.,  Clinical  Professor  of  I >emuitology,  Jefferson  Medical 
College,  Philadelphia.  With  63  colored  plates,  39  half-tone  illustra- 
tions, and  200  pages  of  text.     Cloth,  $3.50  net. 

Atlas  and  Epitome  of  Special  Pathological  Histology* 

By  Dr.  H.  Dlrck,  of  Munich.  Edited  by  En.wu;  IlfcikioKN  M.  D., 
Professor  of  Pathology,  Rush  Medical  College,  Chicago.  In  Two  Parts. 
Part  r.  Rfitih,  including  Circulatory,  Respiratory,  and  Oastro-intestinal 
Tract,  I20  colored  figures  on  62  plates,  158  pages  of  text.  Part  IE 
Rtady  Shortty.     Price  of  l^rt  I.,  S3. 00  net. 

16 


Saunders'  Medical  Hand-Atlases. 


VOLUMES    JUST    ISSUED. 

Atlas  and  Epitome  of  Diseases  Caused  by  Accidents. 

By  Dr.  Ed.  Golebiewski,  of  Berlin.  Translated  and  edited  with  addi- 
tions by  Pearce  Bailev,  M.  D.,  Attending  Physician  to  the  Department 
of  Corrertions  and  to  the  Almshouse  and  Incurable  Hospitals.  New 
York.  \Viih  40  colored  plates,  143  texl-illustrations,  and  600  pages 
of  text.     Cloih,  S4.00  net. 

Atlas  and  Epitome  of  Gynecolo^. 

By  Dr.  O.  Shaeffer,  of  Heidelberg.  From  the  Second  Hevised  Get- 
man  Edtiiofi,  Edited  by  Richard  C.  Norris,  A.M.,  M.  D.,  Gyne- 
cologist to  the  Methodist  Episco|*>al  and  the  Philadelphia  Hospitals ; 
Surgcon-in-Charge  of  Preston  Retreat,  Philadelphia.  With  90  colored 
plates,  65  text-illustrations,  and  308  pages  of  text.     Cloth,  $3.50  net. 

Atlas  and  Epitome  of  the  Nervous  System  and  its 
Diseases. 

By  pROFFJisoR  Dr.  Chr.  Jakoh,  of  Erlangen.  From  the  Second  Re^ 
vised  and  Eniari^ed  German  Edition.  Edited  by  Edward  D.  Fisher, 
M.  D.,  Professor  of  Diseases  of  the  Nervous  System,  University  and 
Bellcvue  Hospital  Medical  College,  New  York.  Wilh  83  plates  and  a 
copious  text.     Cloth,  $3.50  net. 

Atlas  and  Epitome  of  Labor  and  Operative  Obstetrics. 

Ily  IJR.  O.  S«.HAKf>fcK,  of  Hcuiciiicrg.  From  the  Ftfth  Revised  and 
Kniar^ed  German  Edition.  Fklited  by  J.  CunoN  Edoar,  M.  D., 
Profc^ssor  of  Obstetrics  and  Clinical  Midwifery,  Cornell  University 
Medical  School.     With   (26  colored  illustrations.     Cloth.  Ja.oo  net. 

Atlas    and     Epitome    of     Obstetric     Diagnosis     and 
Treatment. 

By  Dr.  < ).  ScuAKKtEk,  of  Heidelberg.  From  the  Second  Retised  and  En- 
tarj^ed  German  Edition.  Edited  by  J.  Ci.tnoN  Edgar,  M.  D.,  Professor 
of  Obstetrics  and  Clinical  Midwifery,  Cornell  University  Medical  School. 
72  colored  plates,  text-illustrations,  and  copious  text.      Cloth,  J3.00  net. 

Atlas   and   Epitome   of   Ophthalmoscopy  and    Oph- 
thalmoscopic   Diag;nosis. 

By  Dr.  ().  Haah,  of  Zurich.  Fmm  tht  Third  Revised  and  En/art^ed 
German  Edition.  Edited  by  ().  E.  DE  Scin%EiNiTZ,  M.  D.,  Professor 
of  ()|jhthalmology,  Jefferson  Medical  College,  Philadelphia.  With  153 
colored  figures  and  82  pages  of  text.     Cloth,  $yoQ  net. 

Atlas  and  Epitome  of  Bacteriolo^. 

Including  a  Text-Book  of  Special  liacteriologic  Diagnosis.  By  PRor. 
Dr.  K.  B.  Lehman.n  and  Dr.  R.  <).  Neumann,  of  Wurzburg.  Fnym  the 
Second Refised German  Edition.  Edited  by  George  H.  Weaver,  M.  D., 
Assistant  Professor  of  Pathology  and  Bacteriology,  Rush  Medical  College, 
Chicago.  Two  volumes  with  over  600  colored  lithographic  figures, 
numerous  text-illustrations,  and  500  pages  of  text. 

ADDITIONAL  VOLUMES   IN   PREPARATION. 


NOTHNAGEL'S   ENCYCLOPEDIA 


or 


PRACTICAL   MEDICINE 


Edited  by  ALFRED   STENGEL.  M.  D. 

Profcuor  of  Clioicai  Medicine  In  the  University  of  PeiinsyWuiu;  Vuiiinf 
PbjraiciaD  lo  th«  Pvmuylvania  HospiuU. 

ris  universally  acknowledged  tliat  the  Germnns  lead  the  world   in   Internal 
Medicine  ;  and  of  all  the  German  works  on  this  subject,  Nothnagel's  "  Enc>-- 

clopedta  of  Special  Pathology  and  Therapeutics"  is  conceded  by  scholars  lo 
be  without  question  the  best  System  of  Medidne  in  exbtence.  So  necessar>' 
is  this  book  in  the  study  of  lutc-rual  MeJiciiic  tli.u  il  coinus  lar^iely  lo  this  comilry 
in  the  original  German.  In  view  of  these  facts,  Messrs.  \V*.  B.  Saunders  S:  Com- 
pany have  arranged  with  the  publishers  to  issue  at  once  an  uithorued  edition 
of  this  ^eat  encyclopedia  of  medicine  in  English. 

For  the  present  a  set  of  some  ten  or  twelve  volumes,  representing  the  mf»st 
practical  part  of  this  encyclopedia,  and  selected  with  especial  thought  of  the  needs 
of  the  prftctical  phyiician,  will  be  published.  The  volumes  will  contain  the  real 
essence  of  the  entire  work,  and  the  purchaser  will  therefore  obtain  at  less  than 
half  the  cost  the  cream  of  the  original.  Later  the  special  and  more  strictly 
scientific  volumes  will   be  ofTered  from  time  to  time. 

The  work  will  be  translated  l>y  mvu  pos.^essinn  thorough  knowledge  of  Ixnh 
English  and  German,  and  each  volume  will  be  edited  by  a  prominent  tpeciaUtl 
on  the  subject  to  which  it  is  devoted.  It  \nll  thus  be  brought  thoroughly  up  lo 
dale,  and  the  Afnerican  edition  will  be  m<ire  than  a  mere  translation  of  the  Ger- 
man ;  for,  in  addition  to  the  matter  contained  in  the  original,  it  will  represent  the 
very  latest  views  of  the  leading  American  spedalisti  in  the  various  departments 
of  Internal  Medicine.  The  whole  System  will  be  under  the  editorial  sui>er- 
vision  of  Dr.  Alfred  Stengel,  who  will  select  the  subjects  for  the  American  edition, 
and  will  choose  the  editors  of  the  different  volumes. 

Unlike  most  encyclopedias,  the  publication  of  this  work  will  not  be  extended 
over  a  number  of  years,  but  five  or  si.x  volumes  will  be  is,sued  during  the  coming 
year,  and  the  remainder  of  the  series  at  the  same  rate.  Moreo\'er,  each  volume 
will  be  revised  to  the  date  of  its  publication  by  the  American  editor  This  will 
obviate  the  objection  that  has  heretofore  existed  to  systems  published  in  a  number 
of  volumes,  since  the  subscriber  will  receive  the  completed  work  while  the  earlier 
volumes  are  still  fresh. 

The  usual  method  of  publishers,  when  issuing  a  work  of  this  kind,  has  been 
to  compel  physicians  to  take  the  entire  System.  This  seems  to  us  in  many  cases 
to  be  undesirable.  Therefore,  in  purchasing  this  encyclopedia,  physicians  will  be 
given  the  opportunity  of  subscribing  for  the  entire  System  at  one  time ;  but  any 
single  volume  or  any  number  of  volimie-s  may  be  obtained  by  those  who  do  not 
desire  the  complete  series.  This  latter  method,  wliile  not  so  profitable  to  the  pub- 
lisher, offers  to  the  purchaser  many  advantages  which  will  be  appreciated  by  those 
who  do  not  care  to  subscribe  for  the  entire  work  at  one  time. 

This  American  edition  of  Nothnagel's  Encyclopedia  will,  without  question, 
form  the  greatest  System  of  Medidne  ever  produced,  and  the  publishers  feel  con- 
fident tliat  it  will  meet  with  genenl  favor  in  thi;  medical  profession. 
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VOLUME  I 
Editor,  WlUlam  Ckiet,  M.  D^  F.  R«  C  P. 

Pro/essor  of  Medicint  in  Johns  Hofkint 
Univfvsity 

CONTENTS 
Typhoid  Fever.    By  Dr.  H.  Curschmann, 
uf  Leip&ic.    Typhus  Fever.    By  Dr.  II. 
Curschmann,  of  Leipsic. 

Handsome  octavo  volume  of  about  600  pages. 
Jmii  Issutd 


VOLUME  n 

Editor,  Sir  J.  W.  Moore,  B.A.,  M.D., 
F.R.CP.L,of  Dublin 

Professor  0/  Prattice  0/  Mfdicimr,  Royal  CoUfgt 
0/  Smrgtons  in  Ireland 

CONTENTS 

Erysipelas  and  Erysipeloid.  ByDR.  H.LsN- 
HARrz.of  Hamburg.  Cholera  Asiatlca  and 
Cholera  Nostras.  By  Dr.  K.  von  Lieber- 
MKiSTkR,  of  Tubingen.  Vhoooing  Cough 
and  Hay  Fever.  By  Dr.  G.  Sticker,  of 
Gicssen.  Varicella.  By  Dr.  Th.  von  JUr- 
GENSEM,  of  Tubingen.  VaricJa  (Including 
Vaccination).  By  Dr,  H.  Immermann,  of 
Basle. 

Haiidftome  octavo  volume  of  over  700  page*. 
Just  Issued 


VOLUME  vn 

Editor,  John  H.  Musser,  M.D. 

Professor  of  Clinical  Medicine,  Universitjf  of 
PennsylvAnia 

CONTENTS 

Dlseasai  of  the  Bronchi.  By  Dr.  F.  A.  Hoff- 
mann, of  Leipsic.  Diseases  of  the  Pleura. 
By  Dk.  Rosenbach^  of  Berlin.  Pneumonia. 
By  Dr.  E.  Aufrecht,  of  Magdeburg. 


VOLUME  vra 

Editor,  Charles  G.  Stockton,  M.D. 

Professor  <(f  Medicine,  University  of  Buffalo 

CONTENTS 

Diseases  of  the  Stomach.   By  Dr.  F.  Kiegei., 

of  Uiessen. 


VOLUME  DC 
Editor,  Frederick  A.  Packafd,  M.  D. 

Physician  to  the  Pennsylvania  Hospital  and  to  the 
Children's  ffos/ital,  Philadelphia 

CONTENTS 

Diseases  oi  the  Liver.   By  Dr?;.  II.QriNCKE 
and  G.  IIopp^>^5KVLER,  of  Kiel. 


VOLUME  in 
Editor,  WilUam  P.  Northrup,  M.D. 

Pvtffisor  of  Pediatrics,  University  and  BelUvue 
Medical  College 

CONTENTS 

Measles.  By  Dr.  Th.  von  JCrhensen,  of 
iubingcn.  Scarlet  Fever.  By  the  same 
author.     Rotheln.    Bv  the  same  author. 


VOLUME  X 
Editor,  Reginald  H.  FiU,  A.M.,  M.  D. 

Horsey  Pnftssor  of  the  Theory  and  Practice 
of  Physic,  ffanvrd  Vuivertity 

CONTENTS 

Diseases  of  the  Pancreas.  By  Dr.  L.  Oser. 
«f  Vienn.i.  Diseases  of  the  Suprarenals. 
r.y  Dr.  E.  Neisser,  of  Vienna. 


VOLUME  VI 
Editor,  Alfred  Stengel,  M.D. 

Pn^fessor  if  Clinical  Medicine,  University  of 
Penntylz'ania 

CONTENTS 

Anemia.  By  Dr.  P.  Emrijcm,  of  Frankfort- 
on-ihe-Main.and  Dr.  \.  LAZARTJi>»of  Char- 
lottenburg.  Chlorosis.  By  Dr.  K.  von 
N<  'fiRHKN,  of  Frankfort-on-the-Main.  Dis- 
eases of  the  Spleen  and  Hemorrhagic 
Diathesis-  By  Dr.  M.  Littkn,  of  Berlin. 


VOLUMES  IV,  V,  and  XI 
Editors  announced  later 

oI.  IV.— Infiuenxa  and  Dengue.  ByDR.O. 
I.FicHTKNsTERN.ofCoIc^Dt:.  MaUrialDb- 
eases.  I'V  Dr.  J.  Mannaberc.  of  Vienna. 
'ol.  v.— Tuberculosis  and  Acute  General 
Miliary  Tuberculosis,  ity  Dr.  Ci.  O  .rnet, 
of  lieriin. 

ul.    XT —Diseases  of    the  Intcstlnea  and 
Peritoneum.     By  Dr.    If.    Nothnagkl, 

of  Vienna. 
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Schaeffer  ft  Norris— .'Mlas  of  Gynecology.  17 
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Bergey — Principles  of  Hygicii-  aa 

Pyle— Person. xl  Hygiene,  .    .  ic 
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Therapeutics,  and  Pharmacolog)".   ...  4 
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Ooleblawftkl  and  Ballay— Atlas  of  Dis- 
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Brewer's  Manual  of  Insanity. 

A  Practical  Manual  of  Insanity.  By  Daniel  R.  Brower,  M.  D., 
Professor  of  Nervous  and  Mental  Diseases.  Rush  Medical  College, 
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A  Laboratory  Course  in  Bacteriology.  By  F.  P.  Gorham,  M.  A., 
Assistant  Professor  in  Biology,  Brown  University.  i2mo  volume 
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Diseases  of  the  Nose,  Throat,  and  Ear.  By  Henry  Gradle, 
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A  Text-Hook  of  Pharmacology.  By  Torald  Sollmann,  M.  D., 
Lecturer  on  Pharmacology,  Western  Reserve  University,  Cleve- 
land. Ohio.     Royal  octavo  volume  of  about  700  pages. 

Wolfs  Examination  of  Urine. 

A  Handbook  of  Ph)-sioIogic  Chemistry  and  Urine  Examination. 
By  CiiA-^.  (i.  L.  W'oi.K,  M.  D.,  Instruct(.)r  in  Physiologic  Chemistry, 
Cornell  University  Medical  College.  i2nio  volume  of  about  160 
pages. 
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